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PREFACE TO THE SECOND EDITION 


Since the first edition of this volume was published in 1914, the 
strides made in the oil-hardening industry have surpassed all expec- 
tations. The advances effected by inventors in simplifying old methods 
and creating new ones and the wider adaptation of the process in the 
hands of skillful factory operators have led to many changes and 
h(‘tterments. The present edition endeavors to bring the develoj)- 
iiuaits in this field down to date, and to offer suggestions of futuri' 
possibilities. IJiK^'pected uses for hydrogenated oils have been and 
continue to be discovered, hence the market for these fats is constantly 
broadening. After finding a secure place for the production of edibles fats 
in this country, the hydrogenation process has also been takiui up more 
seriously by the soap-maker, and with tlu' scarcity of natural tallow 
due to war conditions, has enabled the soap manufacturer to produce 
an artificial tallow from relatively cheap oils. During the past two 
y(‘ars this has been accomplished on a large scale. 

Much of historical and general interest will be found in the records 
of patent litigation in this country, appearing in the appendix. The 
details of the beginning of oil hardiuiing in the United States, which 
hitherto seeniuigly have been surrounded by a veil of mystery, are 
now accessible to the reader. 

Owing td certain difficulties of classification, an unusually com- 
plete index/is appended. 

C. E. 

92 GREf;NwooD A v^enxje, 

Montclair. N. J. 

Dec. 1, 1918. 
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Tiik courso of (lovi'lojimont of the oil industry is marked by ili(‘ 
milest.oiK's of dis(‘overy, ernhraeinp; f>;lyeerine re(‘overy, hydrolytic 
sa])onih(‘atioii, tlu' 'kwitelK'U jiroeess, tli(‘ distillation of fatty a(‘ids, th(‘ 
W ('sson ])ro(*('ss of oil (k'odorization, tlu' ])ioneer work of Mof^e Moiirii's 
and tlu' n'sultin^ inarp:arine industry, th(‘ intiniati' incorporation of 
oil and stiairin by suddi'ii chilling; to form lard compound, tii(‘ d(‘- 
snlfuri/ation of pelrohnim oils by co])p(‘r oxidi'; and to the fori'j’oin^ 
should be added a compara1iv(‘ly recent discoV('ry, the ti'chnical 
liydro^i'iiation oT »oils, which is (h'stined to tak(‘ a v('ry jiromiiu'nt 
plac(' in th(‘ oil industry. The ('xtensivi' us(‘ of llu' hydro^iaiation proc- 
(‘ss is bi'vond doubt, it must in fact b(‘ n'^arih'd as tlu' mo.st im])orlant 
advance in th(' ti'chnolo^y of oils duriuj*; naamt y('ars. Tlu' proliabh* 
efha't on t lu' ('il and alTKal indust rk's and on Um* oil and oil siaal inark(‘1s 
is diflicult to lorccast, as tin* full ])ossil)ihti(‘s of tlu' jirocess cannot y(‘t 
b(‘ detia’mirual. 

The vvliol(‘ structur(‘ of hydro^imation residi's in tlu* catalytic action 
ot jiractically only a limitial numlxa* of imdals and th('ir {a)m])ounds, 
w^hicli aw’akc'n the usually ])assiv(‘ (Tamait hydro^;(‘n from its dormant 
(amdition and thus (‘liable its combination with unsaturated b()di(‘s. 
Often th(‘ term catalysis is said to l)(‘ an ova'rworki'd ex])ression umh'r 
cover of wdiich (‘hemists may find refip'C' wduai ])r(‘ss(al for an exiilana- 
tion of obscuia' j)h(‘nom(‘na. Jhit wdietlua- or not the t(‘rm is over- 
worktal it is ind(‘(‘d certain that wdth rational ta’eatnu'nt catalyz(‘rs 
are the harch'st wairkcu’s in tlu* domain of chemistry and may (‘fha't 
th(‘ t-ransformatioii of a prodi^;ious ainount of raw^ material without 
detriment to th(‘niselv(*s unh^ss })erchanc(‘ their labors ar(‘ clua-ked by 
the a(a .dental pri‘S(‘nce of certain unfriendly bodies or catalyziT 
“ poisons ” as th(‘se are taa’imak 

In lS2d I)ob(‘reiner found that hydro^c'U would ij 2 ;nite, when, in the 
presema* of air, it was ex])os(al to limdy-divided ])latinum, and this 
manifestation of catalytic activity liy ])latinum and also palladium 
was studied during the middle of tlui last (amtury by Li(‘l)ig;, I)(‘bus 
and otlu'rs. In 188S Mond made use of reduced nicked on a ])orous 
carrier, curiously (‘n()uj;h not to add hydroj»;en •Imt to elirniiiatt; it, 
thus providing a imdliod of preparing hydrogen gas. Ten years or 
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so later, Sabatier and Senderens reversed this procedure and ixiftde 
such nickel carry hydrogen to unsaturated organic compounds of a 
fcharacter which could be vaporized readily. Then in 1903 came Nor- 
mann who disclosed the application of nickel catalyzer to the hydro- 
genation of fixed or fatty oils or the production of stearin from olein. 
But it was years afterwards before the idiosyncrasies of catalytic 
nickel were fully understood and the technical difficulties of hydro- 
genation were surmounted so as to afford eminently practical results. 

To-day this brancli of the oil industry is growing by leaps and 
bounds and its advent into the field has brought a flood of congratu- 
lations, protests and criticisms, market disturbances, and great activity 
among chemists to improve the catalytic materials and processes of 
treatment involved. 

The present book it is hoped will be of assistance to the practical 
worker as well as to the student of oils and fats. It has been the out- 
growth of a number of years of observation and experience involving 
the collection of a considerable amount of data from many sources. 
An attempt was made by the author to present the matter in brief form 
before the Society of ('hemical Industry in 1912 and the present 
volume is based on the general plan or arrangement of material adopted 
in that paper. 

Heretofore, the literature on hydrogenation has been scattered 
through many periodicals and no effort has been made to collect this 
material and arrange it in book form, although the treatises of Flefter 
and Ubbelohde and Goldschmidt include a few pages on the conversion 
of soft fats by various methods to stearic acid or stearin; but such 
reviews have been too brief to afford the practical operator sufficient 
working material. 

A considerable mass of data including practically all that has been 
advanced on the subject of hydrogenation of fatty oils has been col- 
lected and arranged in this volume. The observations and opinions 
of many minds have been brought together. Some of these views 
obviously are sound, others are open to grave doubt and still others 
are of a contradictory or polemical nature. Whether or not in the 
treatment of this material to carry through a vein of critical comment 
was a problem which confronted the author and the conclusion was 
reached that at this stage of a young art, it would be inadvisable in 
general to do more than array the multitude of processes, formulae, 
proposals and opinions, leaving to the reader the selection of that 
which should prove of greatest utility. 

A few years hence when oil hydrogenation will have found its 
measure and the more important points concerning it have reached 
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de^ite settlement, the allotment of space to a number of the discus- 
sions appearing on the following pages would hardly be warranted, but 
at the present time when many are desirous of having at hand a treatise 
which comprises all or nearly all the published work to date, containing 
though it does a considerable divergency of opinion, there appears 
ample justification for the inclusion of material which later may be 
considered superfluous. 

Frequent reference has been made to the material scattered through 
the literature and acknowledgment is rendered to these sources of 
information, especially to the Journal of the Society of Chemical 
Industry and the Seifenseider Zeitung. 

C. E. 

Montclair, N. J. 

June 15, 1914. 
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THE HYDROGENATION OE OILS 


CHAPTER I 

METHODS OF HYDROGENATION •’ 

For years the dream of the oil chemist was to find a solution to the 
problem of converting oleic acid into stearic acid, or olein into stearin, 
simply by the addition of hydrogen, so as to make valuable hard fats 
from relatively cheap raw material. Superficially the problem looked 
simple. Oleic acid is the next door neighbor of stearic acid, apparently 
differing only in having a little less hydrogen than stearic acid has in 
its constitution. Only a trifling amount of hydrogen, less than one 
per cent, is require4 to transform oleic into stearic acid. 

But the problem was far from simple as oleic acid stubbornly resisted 
the invasion of hydrogen into its structure to any material extent under 
the ea^er methods of hydrogen addition, and not until recent years, 
with^the discovery of effective hydrogen carriers or catalyzers, has it 
become possible to bring about this conversion economically with large 
yields so as to warrant commercial exploitation in an extensive way. 

Now the problem is solved, and in different parts of the globe dozens 
of plants turning out daily enormous quantities of ‘‘ hardened oil pre- 
pared by th(‘ treatment of vegetable or other oil with hydrogen have 
been established.* So eagerly has the oil handling world lent itself to 
the idea that already the stearin market has lost its firmness and mu(di 
speculation is rampant as to the nature of price readjustments which 
perhaps are on the way. Unquestionably hydrogenated or hardened 
oil has taken its place in the oil market as a staple product. 

A Review of the AiiT.t+ 

Many attempts to hydrogenate oleic acid have been made. Re- 
viewing this subject in 1897 § Lewkowitsch refers to the ease with 

* A list of over twenty firms in different parts of the world having jdants for 
hardening oils is found in Seifensieder Zeitung, 1914, 349. 

t See Ellis, J. S. C. I., 1912, 1155; J. Ind. Eng. Chem., 1913, 95; The American 
Perfumer, 1913. 

t The production of stearic acid and other acids or products of high melting point 
from oleic acid is discussed by Hefter, Technologie der Fette und Ole, Vol. Ill, 
795 and 994; also by Ubbelohde und Goldschmidt, Handbuch der Chemie und 
Technologie der Ole und Fette, Vol. Ill, 152, 

§ J. S. C. I., 389 (1897). 
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which the lower in(;mbers of the oleic series are converted into satu- 
rated acids and states that ‘‘ oleic acid itself resists all attempts at 
hydro^^enization,” further remarking that he had “ carried out a large 
number of experiments in this direction under most varied conditions, 
but hitherto all of these gave negative results.’^ 

Prior to t\^is, however, Goldschmidt, in 1875,* * * § had reduced oleic 
acid by means of hydriodic acid and amorphous phosphorus at 
200° to 210° C. This presumably led to the attempted commertual 
development of a process by de Wilde and Reychlerj involving heating 
oleic acid to 280° C. with 1 per cent of iodine, adding and melting 
therein a certain quantity of tallow soap, and then boiling with acidu- 
lated water. The product was then distilled and the iodine, in part, 
recovered from the pitch. The yield of stearic acid or saturated fat 
is stated to be approximately 70 per cent of the theoretical. Only 
about two-thirds of the iodine could be recovered sco the process appar- 
ently did not find technical use.J Should the much lauded method 
of treating kelp, primarily for obtaining potash salts, come into use, a 
cheap supply of iodine would be available which might then make the 
Wilde and Reychler process of some technical interest. 

Chlorine in lieu of iodine has been tried, but great difficulty has been 
experienced in securing an autoclave of resistant material. Imbert § 
recommends using quantities of chlorine and alkali exactly calculated 
on the iodine number of the fatty acid and operating at a temi)erature 
of 120° to 150° V. and a pressure of about five atmospheres for a period 
of six hours. 

Zurrer || chlorinates the fatty acid and then heats with water in the 
presence of a finely-divided metal, as zinc or iron. Lewkowitsch alleges 
that the treatment of monochlor-stearic acid in this manner causes a 
reversion to oleic acid. 

Tissier, in 1897,^ lays claim to a process for the reduction of oleic 
acid by nascent hydrogen. Powdered metallic zinc is placed in an auto- 
clave, water and the fatty material containing olein being introduced, 
and treated under pressure. 

Under the circumstances the glyceride is hydrolyzed to fatty acid 
and glycerine, and according to Tissier nascent hydrogen is evolved by 

* Sitz. b. d. Wiener Akad. d. Wiss., 72, 366. 

t Bull. Soc. Chim. [3], 1, 295 (1889). 

t Ch«m. Ztg^ 1889, 595. 

§ U. S. Patent No. 901,906, October 20, 1908; see also Bull. Soc. Chim., 1899, 
695, 707. 

II German Patent No. 62,407, August 8, 1891. 

f French Patent No. 263,158, January 16, 1897. 
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virtue of the finely-divided metal and reduces the oleic to stearic acid. 
Freundlich and Rosauer * claim the Tissier process to be inoperative. 

The conversion of oleic acid into palmitic and acetic acids by means 
of caustic potash in accordance with the Varentrapp reaction f has not 
proved to be of much commercial significance, although it appears 
that certain firms have been making use of the process in a limited way. 

The Schmidt zinc chloride process^ involves heating oleic acid and 
zinc chloride at exactly 185° C. while interaction is taking place. 
“ Deviation from this point leads to an increase of liquid substance. 
Unfortunately the solid candle material must be distilled and the con- 
siderable proportion of i3-hydroxy-stearic acid (melting point 82° C.) 
in the crude product is seriously diminished by the partial conversion 
of this acid into oleic and iso-oleic acids. Thus, from a candle-maker’s 
point of view, a substance of high melting point is rendered practically 
valuel(‘ss. SchmidVs process was tried on the large scale in an Austrian 
candh' works. The quantity of liquid unsaponijiable substance ob- 
tained was, however, so large that commercial success was out of the 
question.” 

Many processes based on the well-known action of sulfuric acid on 
oleic acid hav(‘ been proposed. Hydroxy-stearic acid is obtained by 
steaming th(‘ product. It would lead us too far from the present 
subject to enter into any further discussion of these reactions. 


Processes Involving Application of Electricity 

In 1886 Wemeck§ called attention to the possibility of electrolytic 
addition of hydrogen to oleic acid. Kuess || later attempted to apply 
the electric current in the steam distillation of fatty acids. 

In patents taken out by Magniepi Bragnier and Tissier, K the fatty 
material is acidified with sulfuric acid, whereupon the acidified mass 
is mixed with 5 to 6 times its weight of water and then under a pressure 
of 5 atmospheres is subjected to the action of an electric current, which 
generates hydrogen in a nascent state. 

An interesting method of converting oleic into stearic acid is that 
comprised in the Hemptinne electric discharge process. The method 

♦ Chem. Ztg., 1900, 566. 

t J. S. C. I., 98 (1883), 200 (1884). 

{ Lewkowitsch, “Oils, Fats and Waxes, p. 664. 

§ Osterr. Privil, 10, 400 (July 19, 1886). 

11 Chem. Ztg., 1896, 618. 

^ Britifsh Patent 3363, 1900; German Patent 126,446, October 3, 1899, and 
additional German Patent 132,223. 
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is carried out by interposing a thin layer of the oil in the path of an 
electric discharge, while bringing hydrogen into contact with the oil.* 
■ Fig. 1 shows the arrangement of apparatus for this purpose. The 
conversion is effected in a chamber having an inlet pipe H, furnishing 
hydrogen under constant pressure. Oleic acid is supplied by a pipe 
0 to a sprinkling device which discharges th(‘ acid onto a system of 
parallel plates consisting of the glass plates G and alternately the metal 
y)lates M, A. The metal plates M are connected to one pole, the 
others, N, being connected with the other pole of a source of electricity. 



As the oil passes over the plates the ek'ctrical discharge causes con- 
version of some oleie acid into stearic acid, and analogous compounds 
having melting points in the neighborhood of t)9° (\ 

Ilemptinne preh'rs to work at ])ressures less than atmosjdieric. 
The yield is lower at atmospheric^ pressure. By treatment in this 
manner it is not difficult to secure a yield of 20 per cent of stearic acid. 
Repeated treatment permits even up to about 40 per cent yield. Here, 
as so often elsewhere, the effect of mass action becomes manifest and 
as the content of stearic acid increases the speed of reaction greatly 
decreases. Much better results are obtained by saturating to the 
extent of about 20 per cent, removing the stearic acid by pressing, 
when the oil of reduced stearic acid content is again subjected to the 
electric discharge, and a further 20 per cent yield obtained. The 
oleic residue contains li(piid (condensation products amounting to 
about 40 per cent of the total weight. It is stated that the presence 
of these bodies does not impair the market value of what some one has 
termed “ electrocuted ” oleic acid. 


U. S. Patent 797.112. August 15, 1905. 
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Petersen * also endeavored to reduce oleic acid to stearic acid by 
allowing; an electric ciirrcnit to a(d ludween nickel electrodes on an 
alcoholic oleic acid solution, slijiihtly acidulated with sulfuric, acid or 
preferably with hydrochloric acid. But the yield of stearic acid was 
small, even under the most favorable conditions, and did not exceed 
15 to 20 per cent. 

Petersen also (unh'avored to reduce sodium oleate in acpieous or 
alcoholic solution to the stearate. No satisfactory results were 
obtained. 

C. F. Bohringer and Sohne f obtained by tlu* same method much 
b(‘tter results when using as cathodes, metallic electrodes, which were 
e*overed with a s]iongy layer of the same metal. The‘y recornmemd as 
cathodes i)latinize‘el ])latinum, and also palladium electrodes covered 
with a spongy layeT of ])alladium-black. Nickel electrode's are not as 
effective. • 

Bruno WaserJ state's that oleic aciei or olein shenild be' siilfonated 
and frc'cd from free sulfuric aciei before^ aeleling hydreige'ii e'lectrically 
(cathodic re'duction). As an example, one e'epiivalent of oleic aciei is 
mixe'd with two or three ecpiivah'nts of 95 per cent sulfurie* ae*id, the 
t(‘mi)erature not being permitteel to aelvance more than 5 eh'gre'C's. The 
mixture is allowed to stand 24 he)urs, is then washed with ice cold 
water and dissolved in boiling water. This solutiem serves as catho- 
lyte, a 30 per cent sulfuric solution being the ane)ele liepiid. A eli- 
aphragm separates leael e'lectroeles. The tempe'rature is maintained 
at 90° to 100° (\ with a current density e)f 25 te) 100 amperes per 
sepiare decimeter, giving 60 to 70 ])er ce'iit conve'rsion to stearic acid. 

Hydrogenation by Catalytk' Action 

Kolbe § in 1871 states that Saytzeff reduced nitrobenzol to aniline 
by passing the vapors of the former, mingled with hydrogen, over 
palladium-l)lack. 

About twenty-five years later Sabatier and Senderens began their 
classic study of nickel and other metallic catalyzers. 

The work of Sabatier and Senderens || laid the foundation for the 

* Z. Elektrochemie, 1905, 549. 

t German PatentR 187,788, 189,332, 1900 

t German Patent 247,454, March 24, 1911, and Heifen. Ztg., 1912, 661. 

§ J. prakt. Chem. [21, 4, 418 (1871). 

II Sabatier and Senderens published the results of their earlier work in Comp, 
rend., 132 , 210, 566 and 1254. A very complete description of their investigations 
appears in Ann. de Chim. et de Phys., 1905 ( 8 ), 4 , 319-488. See also Mailhe Chem. 
Ztg., 1907 (31), 1083, 1096, 1117, 1146 and 1158; Chem. Ztg., 1908 (32), 229 and 
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present processes of hydrogenation of oils. These distinguished 
chemists first recognized the effectiveness of nickel and certain other 
metals as carriers of hydrogen and they elaborated a series of brilliant 
experiments extending over a number of years, which demonstrated 
that unsaturated compounds, that is, bodies lacking in hydrogen, could 
be saturated 'or given the full quota of hydrogen by contact with this 
gas in the presence of a catalyzer or carrier, such as finely-divided 
nickel. By their painstaking labors the reaction was shown to be one 
of general application. 

Fig. 2 shows the apparatus used by these investigators in the hydro- 
genation of bodies capable of vaporization. In this apparatus, 1 is 



a hydrogen generator; 2 and 3 are wash bottles; 4 is a vaporizer 
containing the substance to be converted into a vapor; 5 is a hydro- 
gen chamber containing nickel catalyzer and heated by an oil bath; 
and 6 is a condenser. 

While a good deal of work has been done on the hydrogenation of 
fatty oils, the literature on the subject is not very profuse and only 
through the patents which have been issued can we gather from any 

244; Willstiitter and Mayer, Ber., 1908 (41), 2199; Paal and Arnberger, Ber., 1905 
(38), 1406 and 2414: Paal and Gerum, Ber., 1907 (40), 2209; 1908 (41), 813 and 
2273; 1909 (42), 1553; Paal and Hartmann, Ber., 1909 (42), 2239; Paal and Roth, 
Ber., 1908 (41), 2282; 1909 (42), 1541; Ipatiew, Ber., 1902 (35), 1047; 1904 (37), 
2961; Chem. Centralbl., 1906, II, 86; Ber., 1907 (40), 1270 and 1286; 1908 (41), 
991; 1909 (42), 2089, ‘2092 and 2100; Ipatiew, Jakowlew and Rakitin, Ber., 1908 
(41), 996; Ipatiew and Philipow, Ber., 1908 (41), 1001; Padoa and Carughi, Chem. 
Centralbl., 1906, II, 1011. 
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published records much that is enlightening as to some of the techni- 
cal developments in this industry. The patents concerned with the 
matter have, moreover, been subjected to a great deal of scrutiny 
because of the alleged basic character of certain of them. For these 
reasons the remainder of this chapter pertains very largely to 
processes which have been covered by patents * * * § in thi^ country or 
abroad, t 

A German Patent 139,457, of July 26, 1901, to J. B. Senderens, is 
probably the first patent record having to do with the reduction of 
organic ])odies by hydrogen in the presence of nickel catalyzers. This 
patent is for the ])rodu(*tion of aniline from nitrobenzol and involves 
passing the latter body in the form of a vapor over heated nickel, 
(“opper, cobalt, iron or palladium in the presence of hydrogen. The 
hydrogen may be in the pur(‘ state or in the form of water-gas. 

Th(‘ first disclosu^' of th(‘ possibility of hydrogenation of oils in a 
liquid state apparently comes from Leprince and Siveke.J In Eng- 
land a corresponding patent 1515, of 1903, was issued to Normann § 
and the latter pat(uit has be'come widely known because of its alleged 
fundamental character. || 

* Sachs (Z(‘itB(;h. f.'angow. Chem., 1913, No. 94, 784) reports 183 patents on oil 
hardeniiif^ of wliicli there arc 33 German; 22 French; 51 English; 33 United States; 
9 helgiuiii; and 35 in other oountri(«. 

t The illustrations irniiK'diately following are largely derived from the drawings of 
patent records or have been prepared from written descriptions. In some cases all 
(h't.ails tloeined unnecessary in the portrayal of the essential features of these proc- 
esses have b(!en omitted. The original records should, of course, be consulted for 
details. — Author. 

f German Patent 141,029, August 14, 1902, Herforder Maschinenfett und 
Oelfabrik. 

§ This English patent is owned by a large soap manufacturing house in England 
and has been passed on unfavorably by the courts. See Appendix. 

II The Seifensieder Zeitung (1913), 1272, states that German Patent 141,029 
(Leprince and Siveke) is controlling in that country so far as the use of metallic 
catalyzers for oil hardening is concerned, because this patent makes the first dis- 
closure of the hydrogenation of bodies in the liquid state by simple addition of a 
catalyzer and introduction of hydrogen. According to the same journal (1913), 
1195, the Breinen-Besigheimer ()lfabriken in Bremen has a large plant for the hydro- 
genation of fats and oils which at one time was not in use because of patent disputes 
between this concern and the Germania Company. The Bremen Company has 
made arrangements with the patent owners and is now operating the Bremen plant. 
(Seifen. Ztg. (1913), 1273.) 

Leprince and Siveke (German Patent 141,029 was assigned on July 22, 1910, 
to Joseph Crosfield & Sons, Ltd., of England and was again assigned on August 9, 
1911, to Naamlooze Venootschaap Anton Jurgen’s Fabriken, Oss in Holland. The 
latter concern on the 10th of July, 1911 founded the Oelwerke Germania, G. M. b. H., 
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at Emmerich, on the UhuH'. The plant is reported to hav(‘ been put into operation 
ill the Spring of 1912 — almost ten years after the application for German patent 
141,029. 

The contentions of Professor Erdmann (Seifen. Ztg. (1914), 32) present cer- 
tain points of interest. Referring to German Patent 141,029 which was a])j)li(Hi 
for in 1902 and granted in 1903, Erdmann states that eight years later — without 
being used rcguiarly on a large scale in Germany — the rights were sold in England 
to (Toslield & Sons. The requirements for the successful hardening of oils by the 
use of metallic nickel as a catalyst are regarded as having been here given for tlui 
first time. 

The German patent application B. 02,300, IV, 12®, of Bedford, ICrdmann and 
Williams for hydrogenating oils with the aid of metallic oxidi's, was entered on March 
10, 1911, together with the English priority of Dee. 20, 1010, a tinu' then'fon' when 
till' Germania Wh'rke did not, exist. In addition, it is stated, Bedford and his col- 
leagU(*H immediati'ly startl'd in to actually materialize their original discoveries and 
ideas on a large scah*; their (^xpiTimental plant had been working for a considiTabk^ 
period and in Germany at that time oils had not been hardened on a manufacturing 
scale. ^ 

It is not true, Erdmann states, that the process of German patent 141,029 was 
the first solution of the problem of the direct addition of hydrogen to unsat uratinl 
fatty bodii's. It do(*s not (;over the ihnad. aildition of hydrogen — a process for 
the direct addition of free hydrogen by means of a catalyst involvi's a contradiction 
of terms — but aims at the indirect addition to an unsat urati'd fatty substanci; 
by means of a catalytic hydrogen carrier in just the sami' way as this had already 
been acconqilished previously by Karl Peters (Monatslu'ftc' f Gli(*nii(', 1S8() [7], 552), 
and Heformatoky (J. prakt (3iemie N. S., 1890 [41J, 437) m the hydrogenation of 
oleic, acid to stearic; acid by the use of iodine as the hydrogen carricT. 

At the time of the a])plication for German patent 141,029 — that is, in 1902 — 
Erdmann observes that the transformation of unsaturated compounds contained m 
liquids to saturated compounds by means of the introduction of free hydrogen into 
th(! liquid with the aid of a catalyst was not entirely unknown. For example, in 1873, 
Saytzi'ff (in Kolbe’s laboratory) obtained aminophenol and methylamin by the in- 
troduction of free hydrogen into a solution of nitrojihenol or iiitrouK'thane in the 
prcLsence of finely-divided jialladium. (See J. prakt. Chemie. N. S. [0], 128) In 
practically the same way, oleic acid could be changed to stearic acid as Fokin later 
showed (Ghem. Centralbl. (1907), II, 1324). Hence Erdmann claims it is not true 
that the existence of the discovery represented by German patent 141,029 can be 
looked upon as the first time that a means was found to saturate unsaturated sub- 
stances in the liquid state by means of free hydrogen. 

In case any discovery can be found set forth in Patent 141,029 — which according 
to the statements of the English courts is at least very questionable — the now 
idea, Erdmann contends, can only be that the two steps: 

(а) Hydrogenation of liquid organic substances by the introduction of free hydro- 

gen in the presence of a finely-divided metallic catalyst, and 

(б) Hydrogenation of unsaturated Jally substances in the presence of a non- 

metallic or not finely-divided metallic catalyst, 
which steps were known separately, are combined with one another in this way, 
that fatty substances are hydrogenated by the introduction of free hydrogen in the 
presence of a finely-divided, metallic catalyst, particularly nickel which was already 
known to be a hydrogen carrier. Metals, also, — for example zinc — had been pro- 
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Normann states that he may carry out the hydropienation of oils by 
treatment either in the form of vapors or as liquids. In the former 
case the fatty acid vapors together with hydrogen may be caused to 
})ass over catalytic material carried by a pumice stone support. This 
may be represented by Fig. 3 in which A is a bed containing granular 
pumice coated with a metal catalyzer. 0 is an inlet fo^^oil vapom and 
H is an inlet for hydrogen. The mixture passes through the tube A 
and the converted material is withdrawn at B. Normann notes, 
however, that it is sufficient to expose the fat or fatty acid in a licjuid 



condition to the action of hydrogen and the catalytic substance. He 
states that, for instance, if line nickel powd(‘r obtained by the reduc- 
tion of nick('l oxid(‘ in a current of hydrogen is added to oleic acid, 
the latter heated over an oil bath and a strong current of hydrogen 
caused to pass through it for a considerable time, the oleic acid may 
be comph'tely (a)nverted into stearic ac.id. 

Fig. 4 shows very simple apparatus, such as might have l)een used 
by Normann to this end. A is a vessel containing oil 0 in which fine 
particles of nickel are suspended while a strong current of hydrogen 
from the pipe II affords the hydrogen requisite for reduction of the oil. 
By this means Normann treated the fatty acid of tallow, having an 

I)osed for the hydrogenation of oleic acid before 1903 (compare Tissicr, Chern. Ztg., 
1890 [23], 822). 

Normann (Seifen. Ztg. (1013), .1381) regards the employment of metal oxides 
or organic! salts as catalyzers to fall within the scope of the Leprinct* and Siveke 
(Normann) German patent 141,029, because of the reduction occurring when these 
metallic compounds are exposed to hydrogen in the hardening process. Meigen and 
Bart(ds (J. prakt. Chem. 1014, 290) support Normann’s contcuition. The assertions 
of Erdmann regarding the existence of nickel suboxide wh(‘n hardening oils with 
nickel oxide catalyzers are challenged by the Olwerke Germania (Seifen. Ztg. 1014, 
209) and it is claimed that metallic nickel forma under the conditions to which tli(‘ 
oxide is subjected. In this connection, a brief review of Ipatieff’s work is given. 
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iodine number of 35 and melting at about 46, thereby converting it 
into a body of improved color having an iodine number of about 10 
» and a melting point of about 58. Normann also states that commer- 
cial gas mixtures, such as water-gas, may 
be used in lieu of pure hydrogen. 

The disclosures of the Normann patent 
ar(\ however, rather meagre and can hardly 
b(‘ considered to comprehensively traverse 
th(‘ difficulties encountered in the practical 
hydrogenation of oils in a liquid state. 

Day has brought out a process * in which 
h(‘ treats, not fatty oils, but hydrocarbon 
oils, with hydrogen in the presence of what 
h(‘ terms a porous absorptive substance 
nu'ntioning palladium * black, platinum 
sponge, zinc dust, fuller’s ('arth and other 
clays. Fig. 5 shows one mcd.hod proposed by Day to this end. 

The upp(‘r chamber A is filled Avith hydrocarbon oil, and porous ab- 
sorptive material, such as palladium black, is introduced into the inter- 




mediate chamber C by way of the plugged orifice D. Any air present 
in C may be expelled by flushing out with hydrogen or an indifferent 
gas. Hydrogen is then admitted by the pipe II until the porous 


* U. S. Patent 820,089, July 17, 1906. 
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material has absorl)e(l its full (juota. The hydrogen gas may be 
admitted undtu’ a pressure of 100 pounds or more to the square inch. 
When the j)orous material in C has become prop(‘rly charged with 
hydrogen, the oil is allowed to run from the chamber A through the 
chamber C into the collecting chamber E, hydrogen being introduced 
as re(|uired by the i)ipe H. i 

In the place of hydrogen, Day states that ethylene or other hydrogen- 
carrying gas or vapor may be employed. By this treatment the dis- 
agreeable odor of hydrocarbon oil is in great part removed and the 
burning qualities of the oil im})roved. When palladium black is used 
it is recommended that a proportion of one-half ounce to the gallon of 
oil be taken. 

Fig. G shows a modification of Day’s proc(‘ss. A is an oil still, in the 
lower part of which the perforated pipe H serves for the admission 
of hydrogen. Palkdiurn black or other porous absorptive material 
forms a layer C, on a screen above the hydrogen inlet. 0 shows the 
cliarge of oil. In operating this ai)paratus the layer of material C is 
first charged with hydrogen and then oil run into the still. Distilla- 
tion is carried out while hydrogen gas is being forced through the 
absorptive material and oil.* 


* The removal of sulfur from pt'troleum is (€ecied according to S(thiller (U. S. 
l’at(‘nt 580,052, April 13, 1897), by generating hydrogen in a nascent condition in the 
oil during the distillation of the latter. It is claimed that sulfur is thus eliminated 
as hydrogen sulfide. Zm<; dust and an alkaline hydrate, such as dry powdered 
caustic soda, are employed to generate hydrogen. These are added to the oil under- 
going distillation. Huston (H. S. Patent 480,400, Nov. 15, 1892) proposes to re- 
move sulfur by heating tlu' vapors of a sulfur-i^ontaining petroleum oil admixed with 
steam to a tempi'rature of 900'’ F. at which temperature it is said that, the hydro- 
gen of the water vapor unites with the sulfur, forming hydrogen sulfide. Hawes 
(U. S. Patent 444,833, Jan. 20, 1891) avails of the same reaction and brings a mixture 
of vapor of hydrocarbon and water into contact with gravel contained in a chamber 
which is h(>ated to a temperature of 400° to 600° F. Dubbs (U. S. Patent 470,011, 
March 15, 1892) forces a gas rich in hydrogen through oil in a still to remove sulfur 
as hydrogen sulfide. Stevens (U. S. Patent 414,601, Nov. 5, 1889) claims steam 
reacts with the sulfur present in i)etroleum oils to form sulfurous acid, while the 
hydrogen thus liberated combines with the carbon of the oil, resulting in an in- 
creased yield of light oil. See also Tunier (U. S. Patent 1,046,683, Dec. 10, 1912) and 
Noad (U. S. Patent 971,468, Sept. 27, 1910). Hall (U. S. Patent 362,672, Nov. 8, 
1887) uses “converting surfaces” of granite. Wilkinson (U. S. Patent 145,707, 
Dec. 16, 1873) has specified the distillation of petroleum oils with hydrogen. 

The Wench patents to Sabatier, 400,141, and to Haller, Sabatier and Senderens, 
376,496, are of interest in this connection. 

In studying the effects of catalytic agents upon the decomposition of petroleum 
oils, 100 grams of coarsely powdered porous earthenware upon which nickel had been 
reduced in metallic form were impregnated with 10 to 12 grams of the oil, and heated 
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The British Pat(‘nt to Bedford and Williams, 2520, of 1007, contains 
probably the first published description of a method of exposing oil to 
the action of hydrogen by forming the oil in a spray or films in an 
atmosphere of hydrogen and in (contact with a catalyziT of the nickel 
type. In this manner the })atentees state they converted linseed oil 
into a hard ^^t solidifying at 53° C\ Oleic acid was converted into 
stearic acid having a meeting point of 09° C., and paraffin wax they 
state had its solidifying point raised 3° C. by the treatment. 

A peculiar rnaniKT of tr(‘atment has been shown by Schwoerer,* 
which will be made clear by Fig. 7. The receptach' A , whi(*h is luaited 



Flo. 7. Fio. S. 

by the steam jacket S, is provided with what Schwoerer calls a helical 
pan, shown at /L The underside of the pan carries a layiT of ni(*kelized 
asbestos. 0 is an inlet for oil and hydrogen, and D an outlet for the 
treated material. 

Schwoerer states that he first mixes fatty acid and hydrogen by 
atomizing the oil with a jet of superheated steam in the presence of 
hydrogen and conducts this mixture through the pipe 0, into the 
chamber A. The temperature maintained in the apparatus is from 

at regulated temperatures from 180° to 500° C. in a current of hydrogen, d'he gases 
were eollecited and analyzed, while the distillates were compannl with thos(‘ obtained 
under parallel conditions, but without the presence of the catalytic agent. No 
lowering of the vapor pressure appeared to be caused by the catalytic action. Vari- 
ous proportions (according to the partial pre.ssure, temperature, etc.) of hydrogen, 
methane, ethane and heavy hydrocarbons were produced under the influence of 
the catalytic agent, while the distillates were of quite different character from those 
yielded by the oil alone. Ubbelohde and Woronin, J. S. C. I., 1911, 1242; Petro- 
leum 1911 [71, 9. 

* U. S. Patent 902,177, Oct. 27, 1908. 
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250® to 270° C. Vapors of oleic acid come in contact with the layer of 
catalyzer on th(‘ underside of the helical pan and are converted into 
stearic acid. The product collects, more or less, in the gutter of the 
helical pan and is removed at D. 

The repeated caution givcm by Sabatier to bring in contact with the 
catalyzer only the vapors of the material, doubtless led^chwoerer to 
devis(' this form of apparatus. 

Bedford, presumably with the same caution of Sabatier in mind, 
discloses, in U. S. Patent 949,954, of Feb. 22, 1910, a process which 
also has to do with va])orization of the oily material. Fig. 8 shows the 
Bedford ap^iaratus. A still or tower A carries two beds of catalyzer 
C and C'. This is said to lie preferably nickelized pumice. By means 
of hydrogen under pressure, oleic acid is sprayed from the pipe 0, 
onto the catalyzer bed C'. Plydrogen is admitted through the pipe H. 
A tem])erature of altiut 200° (\ and a diminish(Hl pn'ssure of about 50 
to 100 mm. is maintained in the still or tower A . The vapors of oleic 
acid mingled with hydrogen pass through the se(a)nd catalyzer bed C, 
wh(‘re more or less conversion occurs, then j)ass to the (H)ndenser J), and 
finally collect in the rece])tacle K. F is a connection to a vacuum 
pump. 

Neither this proc(‘ss nor that of Schwoerer is broadly applicable 
to the treatment, of glycerides as these cannot be vaporized without 
undue decomposition.* 

Erdmann has taken out a (lerman Patent 211,609, of Jan. 19, 1907, 
involving passing an oil as spray or mist into a chamber containing 
nickel catalyzer su|)ported on ])umice and th(‘ lik(‘. P'ig. 9 j)robably 
indicates one form suggested by Erdmann, who, by the way, does not 
show any drawings in th(‘ patent. The chamber A has a rotatable 
(!ylind('r B, which is coated with nickel catalyzer. In the bottom of 
the receptacle is a ciuantity of nickelized pumice. Oil enters at 0 and 
is atomized by hydrogen entering at //. The atomized mixture im- 
pinges upon the rotating cylinder /i, then passes through the bed C, 
the oil being drawn off at 1). The excess of hydrogen is presumably 
vented in the upper ])art of the apparatus. 


Sabatier and Sendcrons, Annalos dc Chiinic ot dc Physique [8], 4, 335 (1905), 
state that “be rni^tal iie suit jamais inouilli^ par un afflux (‘xcessif du liquide qiie 
Ton trait e, ou a la suite d’un abaissemont accidentel de la ternf)erature du tub(5.” 
They further say that in th(‘ preparation of (;y(;l()hexan(d and its Iu)molof?uos from 
ph(‘nol or cn'sol at a temperature but slightly above the boiliiig i)oints of the latter 
bodies, Honi(*times by their condensation, the nickel l)ecomRs moistened and imme- 
diately becomes almost inactive, due, no doubt, to the surface becoming permanently 
changed in character by contact with the liquid phenol or cresol. 
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A second modification (Fig. 10) involves a tower A, filled with 
catalyzer C, which may be in the form of nickel supported on coarse 
fragments of pumice. By the pipe 0 oil is admitted to the chamber 
in an atomized or finely-divided state. Hydrogen enters by the pipe 



Fin. 9. Fin. 10. 

H. Erdmann states that the temperatun' of tnailinent should be 
from 170° to 180° C. The treated oil is drawn off at D while the 
excess of hyilrog('n ])asses away at B. 

In a supplement patent 221,890, of 1909, Erdmann recommends the 
steam distillation from the reaction chamber of the saturated product 
under diminished jiressure. 

Vereinigte Chemische Werke A. G.* make use of a palladium cata- 
lyzer precipitated on an indifferent body as a carrier and recommend 
as carriers finely-divided metals which do not have anti-catalytic 
properties, also metal oxides and carbonates. Under these circum- 
stances it is stated that one part of palladium is sufficient to convert 
in a few hours 100,000 parts of oily material to a firm mass. They 
recommend the use of a hydrogen pressure of two to three atmospheres 
and a temperature somewhat above the solidification point of the 
saturated fat. They caution against arsenic, hydrogen phosphide 

* German Patent 236,488, Aug. 6, 1910; also British Patent 18,642, 1911. 
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and sulfide, li(iuid h^'droc^arhoiis and carlHUi bisulfide, chloroform, 
acetone and miiuTal acids as beinj; destructive to the activity of 
the (‘atalyzc'r. 

Kayser d(‘seril)(‘s a proc(‘ss of treating!: oil with iiK'taHie catalyzer 
consistin|>, in mechanically agitatinp; the oil and catalyzer in the 
pn'sence of hydrogen, pndcTably under pressure. Oiw’ form of the 
a])})aratus indicated by Kayser for this purpose is diap:rammatically 
represented by Fig. 11. 



I'jc. 11. 


Here A is a closed horizontal cylindric^al vessel in whicdi is a paddle 
wheel D, made up of blades carrying wir(‘ gauze. The j)addle wheel 
is rotated by a driving gear at B. In th(‘ upper part of the tank is an 
inlet for charging oil and presumably also the catalyzer, the oil being 
admitted to the tank in an amount sufficient to fill to perhaps one- 
fourth or one-fifth the entire caf)acity. Hydrogen is admitted at H 
and passes, l)y the three-way cock /, to the (!ompression pump ./, going 
from there to the treating receptacle. At the opposite end of the tank 
is an exhaust pipe L, carrying a blow-off valve M, for the purpose of 
venting the unabsorbed hydrogen. The temperature of treatment 
is stated to be about 150° to 160° C. Although the claims call for the 
use of hydrogen under pressure, no working pressures are specified. 
Fig. 12 shows diagrammatieally one form of construction of the screen- 
covered paddle wheel used by Kayser. 

In another U. S. Patent 1,008,474, of Nov. 14, 1911, Kayser sets 


U. S. Patent 1,004,035, Sept. 26, 1911. 
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forth the use of an inert ])ulverulent rnat(‘rial such as kieselgiihr as a 
c-arri(*r for the nick(‘l catalyzer, he apparc'ntly having (h'terniined, as 
did Sabatier and others, that in some case's hydroge'nation is more rapid 



Fiu. 12. 


or complete when a carrier for the catalyzer is used; and he claims th(' 
process of hydrogenating oil involving agitation of a metal-iinpn'g- 
nat(‘d iiH'rt pulve'ruk'nt carrier (kie'selguhr) with a fatty oil ii^ the 

})resence of hydrogen. It is commonly 
understood that the Kayser ])rocess is 
in operation on a large scale in this 
country.* 

Two patents relating to the spraying 
of oil into a chamber containing com- 
pressed hydrogen have attracted some 
attention abroad. One of these is 
British Patent 7720, of 1910, to Testrup, 
and the other is to Wilbuschewitch 
which finds its counterpart here in 
U. S. Patent 1,024,758, of April 30, 
1912. Fig. 13 shows the elements of 
the Testrup process. 

Oil and catalyzer arc pumped through 
the pipe 0 into the tank A, and hydrogen is admitted by the pipe II 
to furnish a gas pressure of, say, 15 atmospheres. The tubes B are 

* The Ka'yfeer patents arc assigned to the Proctor and Gamble Co., which concern 
is a large f»roducer of hardened oil. A product termed “Crisco” is used as a sub- 
stitute for lard. 
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heated by steam and tlie stirrer C circulates the oil and catalyzer in 
the tank A , until the oil has become heated and pr(’^urnably some- 
what hydrogenated. The oil is allowed to pass into the adjacent 
tank h, (‘utering this tank by the spray nozzle F. Hydrogen gas is 
admit t('d to the tank h from the tank A, so as to afford a jiressure 
of, say, 12 atmospheres in the tank p:. A series of tanks may be 
arranged with a constantly decreasing i)r(‘ssure so that the differential 
pressuri' (uiabh's the spraying of the oil from tank to tank. Testrup 
states that sj)raying the material ten or fifb'en times is sufficient to 
bring Mil oil of an iodine number of 110 dowui to an iodine number 
of 50. 



AooordiriK to one form employing the appanitas nhown in Fig. M, and treating 
eotton.sced oil, the oil, mixed with a Kuitable eoritaet Kuhstanee, Riich a.s finely- 
divided [lalladium or iireferably nickel, i.s placed in a ve.sHel a provided with a stir- 
ring device h comprising blades or like ehmients fixeil to a vertical and rotatable shaft 
c within it. The amount of nickel may be about 2 to 3 per cent by weight. This 
vessel is preferably jacketed as at d, and is heat(*d by the passage of heated fluid 
through this jacket, say to about 100® C. From this chamber the oil is pumped by a 
pump e through a conduit/ and enters a vess(‘l g, which is jackiTed and heated by tubes 
h, being also provided with a mixing device comprising a central tube and propeller 
arrangement i. Hydrogen gas is supplied at high pressure from a reservoir / through 
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a duct h . The vchhcI g has an cduirt I for (he inalerial iindcT treatment at its base 
and an edui^t for liydi’ogen w provid(‘d with a loaded valve n. The duct ?n opens 
into a V(“ss(‘l o into which the oil from the vessel g is sprayed by a sjaay nozzle p 
attached to the end of the <luct 1 by (he pressure of the fi:as in the vessel g. The oil 
and catalyst thus exjiosed to th(' action of the ^as fall into th(‘ bjusc* of the vessel o 
to be forced by the jin'ssun* of the gas therein through a duct to a nozzle r in another 
voss(‘l .s when'irt the operation is repeated. Sc'veral such vcss(‘ls are arranged in this 
way in cascade, all being jacketed to allow of maintaining the desired temiieratiin'. 
'^I’he last vessel I is provided with any suitable educt u for the gas and an educt v for 
the treated oil and catalyst which is pass(‘d to a filter jiress w in which the* oil is 
separat(‘d from the catalyst., th(* former passing by a duct x to a reservoir y and th(‘ 
catalyst lieing returned to th(' vessel a for which jiurposi' the chute ^ may be iitilizi'd. 
Should the catalyst have becorra' con tammabsl with nickel soap it may b(‘ purified as 
by washing with acid. A storagf' tank for the mat ('rial awaiting treatment, is indi- 
(;at('d at 1 with its duct 2 leading to th<' vess(d a. Gauge's for noting the jirt'ssiire 3 and 
the level gaug('s 4 are also emjiloyed. The temiierature at which tlu' react ion is con- 
ducted IS about KiO® to 170® ('., and the prc'ssure of th(' hydrog('n in g may ik' about 
IT) atmosj)h('r('s, in o say 12 atmos])her('s, the difT('renc(' m jin'ssure iirodiicing tli(' 
spray Hie jiressun' may similarly fall by 3 atmosplien's for ('ach vc'sscl It may 
be necessary t,o pass t ln' substance again through the ap- 
])aratus or to provide several systems of heati'rs an<l 
sjiraying (h'vices in s(‘ri(*s in order to obtain tlu' (h'sirc'd 
re'sult but by this process the desin'd number of r('])('- 
t it ions can be carried out rapidly * 

Ev('n such a numlx'r of trc'atmi'nts are stall'd to re- 
quire only about 30 minutes or less and the number of 
treat, ments would depend largely on the activity of the 
catalyst. (*mployed 

The Wilbuschewitch Patont itself details a 
rather complicated system, and Fig. 15 shows 
only what appears to b(‘ the ('ssential h'atun's 
of th(' treating apparatus. Sevc'ral tanks or 
autoclaves are connected as shown at A and 
A', oil entering the top of the tank A by the 
pipe 0, to form a spray which in descending 
meets an upward currt'iit of hydrogen entering by the pipe H. The 
oil is drawn off through the pipe O', and sprayed into the tank A'. 
This time it meets a current of hydrogen represented by the excess of 
hydrogen coming from the tank A. The treated oil is drawn off and 
may be centrifuged to remove the catalyzer. A pressure of nine 
atmospheres is recommended and the pressures may be varied in the 
different tanks. 

Sw'edish Patent 992, May 27, 1911 (Techno Chemical Laboratories, Ltd), on 
the hydrogenation of organic substances involving a process which essentially con- 
sists in mixing catalyzer with the substance to be treated and in subjecting the 
mixture in an atWIaized or finely-divided condition to the action of hydrogen, leads 
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Of the Wilbuschewitch process Goldschmidt * states that the high 
hy(lrog(‘n ])ressures em])loye(l enable the reaction to take place quickly 
at temperatures bt'tween 100° and 1()0° (\, so that the fat is not likely 
to be injured by t.h(‘ temperature to which it is subjected. It should 
be stat(Ml that several yc'ars ])revious to the date of the Wilbusche- 
witch ])at('nt, Ipatiew had noted and carefully studied Hie action of 
increased jiressure. 

Bedford and Williams have brought out an interesting process 
r(‘presented by V. S. Patent 1,020, 339, of May 14, 1912. Fig. 10 
shows tlu' a])])aratus indicated by Bedford and Williams for carrying 
out the jirocess. Oil is placc'd in th(‘ receptacle ^4, which is heated by 



a steam coil *S’. J^Ieiallic oxide catalyzer is added, about 1 p(‘r cent 
being rc'conum'iided, and hydrogen and oxygen or air is introduced 
by the ])ip(‘ II. As a catalyzer, nickel oxid(‘ f is recommendetl and 
inst.(‘ad of th(' customary hydrogiMiating temperatures of 150° to 
170° (\, a temperatur(‘ of about 250° (\ is employed. While hydro- 
gen alone may be used for th(‘ purpos(‘, the inventors reiaimrnend and 
claim treatmi'iit of the oil with a mixture of hydrogen and oxygen to 
form hydroxy fatty acids or their glycerides. 

A process for the conversion of fatty acids or their glycerides into 
saturatial bodies in which a finely-divid(‘d metal oxide serves as a 
catalyzer is described ])y Bedford, Williams and Erdmann, J and the 
reaction is carried out under pressures ranging from atmospheric 
pressure up to but not exceeding 20 atmosphert's. Nickel oxide is 
especially recommended as the catalytic material. 

the editor of Chon ikor Zoitung (Chem. Zeit. Rep. (1913), 320) to make the comment 
that it i.s somewhat questionable according to other investigations which have be(;n 
made in this dirts'dion, whether this process is practical for the manufacture of 
edible fats and the like, 

* Chem. Ztg., 1912, 945. 
t Previously used by Ipatiew. 
t Siefen. Ztg., 1913, 1413. 
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Shukoff * claims th(‘ ])roccss of hy(lr(){»:('iiatinfr oils by means of nickel 
derived from the decomposition of nickel carbonyl. The carbonyl 
may be obtained from reduced metallic nickel i)y ])assing carbon 
monoxide over it at a low temperature. Nickel carbonyl is soluble in 
oil and is very readily taken u]) by gases. On heating to a tempera- 
ture of 200 d(‘grees or so, the carbonyl is dcc()mi)osed, setting fre(‘, in 
a nascent state*, metallic ni(‘Tel which acts as a catalyzer. Shukoff 
makes use of this reaeTion of nick(‘l carbonyl by the method indicated 
by Fig. 17. (kirbon monoxide* is passeel by the* pijM* f; into the tube* 
B, cejiitaining finely-eliviele‘d iiicke*! anel the* nickel e*arbe_)nyl fe)rme‘d is 
conelucted to the oil O, whie*h is h(*ate*el to about ISO degi’ee's. Afte*r 
sufficient nickel e*atalyze*r has forme*el in the* e)il, the* carbe)n monoxide 
stre*am is cut off, the* te*m])e*rature* raised to 220° or 240° (\ and hydro- 
ge*n gas introelue*eel by the pipe* 11 to bring about hydrogenation. 

SchukofI state*s it nickel e‘arbonyl in a gase'e)us'e!onelitie)n or a iiicke*!- 
carbonyl-cemtaining gas mixture is eamdue'te'el inte) the inate'rial to be 
re*due*cel, which may be (‘ithe*r in a mejlte*n e'euiditieui or in se)hitie)n in a 
suitable solvent, it is founel, whe*n the* te*m])e*ratur(* advance's be'vond 
the* te*mj)erature e)f dissejciatieni e)f nie*ke*l carbe)nyl, that inetallie* nicke*! 
in an e*xtre*mely fine*ly-eliviel(*el state* is separate'd anel that the* division 
e)btaine*el in this way is se) fine as te) e*ause* the* re*ae‘t ion mixture* to 
appear black in color, anel the* se*i)arate*d nicke'l se*ttle*s e)nly afte*r ve'iy 
long staneling. As an e'xample: Into 8 kile)s e)f cotte)nse'e'd e)il warme'd 
te) 180° (\ a slow stre*ain e)f 400 liters e)f e*arbe)n me)ne)xide* is ])asse*el, 
whie*h e'arbon monoxiele* has previously i)ass(*d e)ve*r a le)ng laye'r e)f 
metallic nie*kel warme*d to abe)ut ()0°(\; fine'ly-divide'el ae*tive* nicke*l 
separate's in the oil; the* stre*am of carbon me)ne)xiele* is the*n inte*r- 
rupte'el, the* te*mpe*rature raiseel to 2:k)° to 240° (k, anel hyelrogen as 
a slow stre*am is run into the* mixture* e luring a perioel e)f five te) six 
hours in an amount of 3000 lite*rs. The* reactie)n mixture* e)n cooling 
is complete'ly hard; by filtration the nickel can be* removed and the 
proeliict ewentually conv(*rte*el into stearic aciel. 

Day has taken out U. S. Patent 1,004,032, e)f Oct. 3, 1911, supple- 
menting his earlier patent on the treatme*nt of hydrocarbon oils with 
hydrogen. In the present instance tubes packeel with catalyzer are 
placed in an oil still in such a manner that vapors from the oil may pass 
through the catalyzer tube in conjunction with hyelrogen while being 
superheated by exterior contact e)f the tubes with be)iling oil. 

An English Patent, 23,997, of 1909, to Phillips and Bulteel claims^ 

* German Patent 241,823, Jan. 18, 1910. See also H. Kamps, Belgian Patent 
246,975; Seifen. Ztg., 1912, 1339. U. S. Patents, 738,303, 777,848 and 943,627 are 
of incidental interest. 
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t-o convert miiKMiil oils into oils of lower speeifie p:ravity by heating; 
with hydrog(‘n in th(‘ })ri'senee of niek(‘l or otlu'r eiitalytic ag:ents. 
They ^tat<' that the inixtun' of oil, gas and catalyst may be blown into 
a h('at(Hl eylind(‘r and the jet given a gyratory motion either by means 
of a nozzl(‘ rc'volving about its axis or by injecting the mixture tan- 
gentially to the ])('riplu‘ry. In the latb'r eas(‘ they st>ate that the 
eylind('r may hav(' an axial eor(\* 

The firm of H. Schlinck & Co., of Hamburg, G(‘rmany,t hydrogenate 
oil by ])assage through a centrifuge, the drum of which carries a porous 
lining su]’)porting ])alladium catalyzer which otT(Ts a frictional resist- 
anc(‘ to th(' ])assagt' of the* oil. Fig. 18 shows a c(‘ntrifugal drum a, 
which is closed at the top and can be h(‘at(‘d. Oil and hydrogen are 
introduced through th(' pii)e b. OpcMiings are provided in the walls 
of tlu' drum in which is plac(‘d rough or porous material coven'd with 
pr('(‘ii)it,ated palladium. S(‘V(‘ral drums may 1 h‘ arranged in series 



* 111 th(* treatment of hydroearhons willi 8uperheat(‘d sleam HaUHinann and 
Pilal Patent 227,178, 1<K)9) reeoniin(*nd as catalyzers the oxides of iron, 

l(’ad, (‘(‘iJiim and manganesi*, also iron sulfate and calcium manganite. Richter 
(German Pat(‘nt 2 10', 700, lOlO) makers use of active carbon as a carrier for oxygen 
m the treatment of jietroleuin and oth(*r oils. Leffer (British Patent 2328, 1912) 
distils petroh'uin oil under pressure while circulating an inert gas through the body 
of oil ill the still. L(fT(‘r iiuaitions liydrogen among the inert gases suitable for 
the purpose. Laiiijilough (British Patent 19,702, 1912) proposes to effect reaction 
between iietroleuin oil and water by passing a mixture of the vapors of these bodies 
ov(T rods of metalliir nickel while subjecting tlu' vapors to a ])re.ssur(* and to a tem- 
jx’rature apjiroaching a dull red heat. Fiom 20 to (K) jiarts of water are us(‘d to IOC 
parts of oil. Dibdin and Y oltereck (British Patent 19,152, 1901) bring a mixture 
of superheated steam and jietroleum oil into contact with iron, copjier and other 
metals maintained at a bright orange heat to eff(‘ct the simultaneous decomjiosition 
of the steam e.nd hydrocarbon. They also mention (British Patent 20, 066, 1905) 
the use of “p^otoperoxide” of iron. 

t British Patent 8147, 1911. The corresponding patent in the United States is 
1,082,707, Dec. 30, 1913. 
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through which the oil nuiy l)(‘ caused to i)rogress until sufficiently 
hydrogruiated. 

Ellis * us('s a stationary catalyzer, filling tubes with the material in 
granular form and allowing oil to flow through the tubes while passing 
hydrogen in an oi)posite dir(‘ction. Fig. 19 shows a three-section 
apparatus wSth the catalyzer tubes T, 7'' and T-, heated by the jackets 
SS. Oil from tank 0 flows through the apparatus while hydrogen, 
admitted by th(‘ pij)e //, pass(‘s through in an opj)osite dir(‘ction. 
FIh‘ arrangement permits of differential heating so that, for {‘xampl(‘, 
th(‘ oil may b(‘ lu^atenl to a temixTature corresi)onding to its particular 
degiH'e of hydrogenation at any given point, enabling a hydrogenate'd 
])r()(luct fr('e from “ burnt ” odor to b(‘ obtained. Idg. 20 shows a ver- 
tical form of ai)])aratus, the catalyzer Ix'ing shown at (’ in the tube A. 



Oil is introduced by the ])ipe 0, and passes into the tube or cylinder .4. 
The l)ump P causes oil to circulate from the top to th(‘ bottom of 
the apparatus through th(‘ pipe B. Hydrogen gas admitted at H is 
pumped into the bottom of the cylinder A, and the excess is withdrawn 
at the top by the pipe 1), passing through Hie drier E, and back into 
the treating cylinder. Oil may be continuously fed through th(‘ ])ipc 
0 in the upper part and the treated product withdrawn at tlu^ same 
rate at the lowTr part of the apparatus. 

In another form f of the apjiaratus, the catalyzer is placed in trays 
or baskets as shown by Fig. 21 at C. The oil travels in a cyciic path 
downward through several layers of catalyzer, and hydrogen gas passes 
in an opposite direction. Se^paration of the catalyzer in layi'rs in this 
manner enables the hydrogen to pass more uniformly through the 

* U. S. Patent 1,020,156, May 14, 1912. See also U. S. Patent 1,052,469, Feb. 
11, 1913. 

t U. S. Patent 1,040,531, Oct. 8, 1912. 
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catalyzer bed. If the catalyzer forms a bed of considerable depth and 
width, the gas in taking the path of least resistance is liable not to 
come in contact with some parts of the bed. 

The activity of a properly made catalyz(‘r is oftentim(‘s surprising. 
In the case of a stationary catalyzer the author has noted instances of 
hydrogenation where oil is converted into a hardened fj>t by scarcely 
more than moim'ntary contact with the catalyzer. 

Fig. 22 shows a photograph of a small laboratory apparatus for test- 
ing catalyz('rs, consisting of an inclined tube containing the catalyzer 
and carried in a heating jacket. Oil is admitted at the right and 
hydrogen at the left-hand end. Fig. 23 shows the catalyzer tube at 
the right from which extends a horizontal tube supplying hydrogen 
to the catalyzer tube. 



Fkj. 22. 


Wh(‘n using a new type of catalyzer th(‘ author started to pass oil 
through the catalyzer tube and found hydrogen to be absorbed so 
vigorously by the oil that instead of i)assing off through an oil seal at 
tlu' lowin’ (nid of th(' inclimnl catalyzer tube, the oil, curiously enough, 
was imi)ell(‘d against th(‘ strong current of hydrogen passing through 
the horizontal tul)e, rushing through it to the point indicated by the 
hand of the operator (Fig. 23) and there solidifying, actually being 
well hydrogenated from its brief passage through the apparatus. A 
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peculiar feature was the advance of the oil from the tube containing 
catalyzer far into the tube through which only the hydrog('ii was 
entering the a])paratus. The travel of the oil along the hydrogcai- 
suppl^ing pipe in opposition to a ra])id current of hydrogt'ii indicates 
the possibility of hydrogemating in a very short time, provided a cata- 
lyzer of a higli d(^gree of activity is secunal. 



Fm. 2;^. 


On the other liand, some catalyzers of the nickel and col)alt type 
when first brought into contact with oil and hydrogen show for a time 
a certain degree of sluggishness, but after a period, their activity 
rather suddenly augments and thenceforth remains aj^parent for a 
long period. This sluggishness should not b(‘ confounded with the 
seeming initial inactivity in the hydrogenation of oils containing con- 
siderable linolein or other highly unsaturated bodies. In such cases 
the rate of hardening ” (increase in melting ])oint) is slow at first 
and later ])rogresses more rapidly. Hydrogenation, in some cases at 
least, apparently i)roceeds selectively with initial formation of olein 
from linolein. Later the olein is transformed into stearin with the 
observed more rapid increase of titer.* 

* Mailhc (Rev. gen. des Seiencos, 1913, 653) makes note that he lias secai cotton- 
seed oil hardened to a high titer by twenty minutes exiiosuro to hydrogen and cata- , 
lytic material. 
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MarcusHon and Mvyerheim * have reached the eonelusion that fish . 
oil (trail) does not hydroj^enate sideetively' or liy stages, that is to say, 
th(' more highly unsaturated eonijionents do not largel>’ take' uj) hydro- 
g('n before' eilein becomes converteel into stearin. A ('ertaiu iiercentago 
of tlu' highly unsaturate'd fatty acids remain ('vem afte'r a large ]ir()])or- 
tion of th(‘ tileic acid has been transformed into stearic acid. The inner 
iodiiu' number (iodine number of the li(|uid fatty ae'ids) of a sample of 
harde'ued trail was found to be 107, which result k'd to tlu' foregoing 
conclusion. 

Ellis t efT(‘cts a constant circulation and contact of the hydrogeui 
gas in accordaiH'e' with the iiK'thod shown by Idg. 21. The tank A 
contains a body oil (), the space above the oil being (illed with bydro- 
g('n und(‘r any suitable pressure. The tank is heated by the jacket N. 

A iiuinp P withdraws th(‘ hydrogen from the uiijier part of tlu' tank 
and im})('ls it througk the ])ip(‘ 1) into the lower part of the tank. The 
ciitalyz('r is added to tlu' oil when the ])roper temperature is reached 
and lh(' constant bubbling of a stream of hydrogi'u through the oil 
caus('s int!ma1(* contact b('lw('('n tin' reacting elcnn'iits. Aft('r the 



operation is complet'd, th(‘ porous plate, fastened to a movable stem 
in the uiiper part of tlu* tank, may be deprc'ssed to fit into the bottom 
of the corii(*al base' so that when the oil is withdrawn a good portion of 
the catalyzer remains without exposure to the, air and may be used 
with perhaps a small addition of fresh catalyzer for tin; treatment 
of a suce^eeding charge of oil. 

In U. S. Patent 1,043,912, Ellis hydrogenates oil (Fig. 25) in the 
autoclave A. The pum]) P circulates hydrogen gas through the oil. 
The treated product is run into the deodorizer I), where it is treated 

* ZeitKch. f. angew. Chem. 1914, No. 28, 201. 
t U. S. Patent 1,059,720, April 22, 1913. 
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with superheated steam under diminished atmospheric pressure until 
the oil is freed from noxious j^ases or vapors. While the deodorization 
of ordinary (U)ttonseed oil, for example, requires a temperature from 
200° to 300° C. and a va(;uum of down to one or two inches mercury, 
th(‘ (h'odorization of the hydrogenated cottonseed oil do(;s not ne(^es- 
sarily require as high a tempe^rature and the vacuum pulled may 
be considerably less. 

Contrary to the opinion entertained by many it does not appear 
needful to violently agitate the catalyzer primarily for the purpose of 
contacting it with hydrogen. Once the catalyzer is wetted with the 
oil there can no longer be any actual contact with the gas. Hydrogen 
reaches the catalyzer seemingly only through solution in the oil. The 
forc(^s of adhesion effectually seal th(‘ catalyzer surface from the gas, 
and no m(‘asure of agitation by ordinary mixing apparatus will dis- 
lodg(‘ the film of oil. Of (course, agitation seciujes the rapid replac(‘- 
ment. of more saturated by less saturated i)ortions of the oil, but this 
repla(*(‘ment, under certain conditions, may pro(;eed rapidly, simply 
by diffusion. 

The direct pumping of hot hydrogen gas, especially if the latter is 
under considerable j)r(\ssure, offers some difficulties, and the apparatus 
shown ill Fig. 20 is designed to effect a circulation of the gas by in- 
ductive effect. The tank I carries an inductor 2 through whi(!h is 
forced oil propelh'd by the i)ump 3. The passage of the oil through 
the inductor causes hydrogen, which is supplied to the upper part 
of the tank, to b(‘ drawn into the central vertical jiipe and carried with 
the oil to the bottom of the tank when the gas bubbles through the 
main body of oil. Thus th(‘ oil whiidi is being treated is made use of 
to (urculate the gas. 

Another type of apparatus f involves circulating liydrogen gas by 
means of an oil sealed pump which may lie so arranged as to iiermit 
the return of any hydrogen escaping through the stuffing boxes. Fig. 
27 shows this apparatus. 1 is an oil treating tank with gas outlet 2, 
communicating with a drier or purifier 3. From the lower part of 
the latter a pipe leads to the pump 4 which is enclosed by the housing 
5, the space between pump and housing being filled with oil. The 
pump discharges into the lower part of the tank through the gas dis- 
tributor 6. A connection 7 from the upper part of the housing to the 
tank provides a vent for gas escaping from the pump. 

In hydrogenating oleic acid in a vaporized state Shaw t obtained 

* U. S. Patent to Ellis, 1,059,720, April 22, 1913. 
t U. S. Patent to Ellis, 1,071,221, Aug. 26, 1913. 
t Seifen. Ztg., 1912, 713. 
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some rather curious results. As a hydrogenating apparatus Shaw 
used a glass tower, holding catalyzer, the latter being })repar(Hl by |)ut- 
ting fragments of pumic(‘ into a 50 per cent solution of nick('l nil rate. 
The pumic(‘ was heated to a red heat in order to convert the nitrate 



Fig. 26 . 


to the oxide and tln^ })rocess r(‘- 
lieated in order td g('t a good 
coating. The material was then 
])laced in the glass tower and re- 
duced by hydrogen at about 300° 
(b, reduction taking ])lace in 2 to 
3 hours. The tower was lieated 
in an oil bath. 

Oleic acid was supplied from 
a distilling flask which was con- 



nected with the tower by gas-tight piping. In the flask was inserted a 
tube through which hydrogen could be introduced. The hydrogen was 
generated in a Kipp apparatus, passed through wash bottles contain- 
ing nitric acid and sulfuric acid, and finally through a ‘‘ U ” tube 
containing fragments of caustic potash. From the tower a delivery 
tube extended to a receiver which was connected with a manometer 
and an air pump. The temperature of the oleic acid was maintained 
a few degrees above the boiling point of the acid, or about 300 C. In 
this way the catalyzer was never wetted with the liquid acid, but came 
in contact only with the gaseous acid which distilled over from the 
flask. The reaction product was condensed in the receiver. 
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The dojj;r('e of rodiictioii was dotc'rmiiK'd ihrousL the iodine num- 
ber with the followinj^ results: tlie iodine number of oh'ic acid 
employed was 79. Wlaai distilled uikUt a ])ressure of 100 mm., the 
resulting ])roduet had an iodine number of 75, which corres])onds to 
a r(‘duction of 5 ])(‘r cent. This jrartially reduced product under a 
pressure of 100 mm. was distilled through the catalyzer, and the prod- 
uct obtained had an iodine nurnlxT of 74.8, practically identical with 
the ]:)r(‘vio\is valiu'. In r(‘viewing this unfavorabh' result it was con- 
(*luded that the catalyzer was j)oison(*d and its activity lost. To test 
this out a frc'sh j)ortion of oleic acid was distilled through th(‘ catalyzer. 
Again a reduction of 5 per cent occiirn'd, which indicat'd that tlu' 
catalyz('r was not ])oison(‘d. 

Distillation at 150 mm. was then tried, giving a reaction product 
having an iodine number of 08 to 70. When this })roduct was distilled 
again at 150 mm., tin* saiiu' iodin(‘ number was (^)tained. A pressure' 
of 200 mm. was th('n ('inployc'd and the' reduction was 20 p(‘r cent , while' 
a se'cond distillation at 200 mm. diel not incivase the amount reduced. 

These results suggesteel the^ i)e)ssibility^ of an ecpiilibrium between 
ste'arie^ aciel, ok'ic aciel anel hyelrogen, anel that the reduction ele‘gre'e 
which Shaw founel varie'd fre)m jnessure to pressure was e-onstant fe)i’ 
any one i)ressure. If this conclusion were e!orree't, then the eepii- 
libriuin should be re'acheel fremi the opposite enel, namely through 
elistilling stearic acid in the presence of hydrogc'ii. In order to see 
whetluT this were possible sbuiric acid was treatc'd in exac'tly the saiiu' 
way as th(‘ oleic acid by distilling through freshly prepan'd catalyzer. 
As a result of the test it a])p('ared that stearic acid exi)erien(‘.ed no 
change in iodine number which ai)parently excluded the idea that 
conditions of eciuilibrium were involved. 

Shaw’s observations that by repeated distillation of oleic acid no 
further ri'duction occurs was not to be explained on the ground of 
fractional distillation of tlu' partially re<luced product, for the entire 
contents of th(‘ flask were distilled through the catalyzer, and further- 
more the boiling point of stearic acid differs very little from olei(^ acid, 
so Shaw is at a loss to explain the cause of this peculiar behavior after 
finding it not due either to the existence of equilibrium or fractional 
distillation. 

An investigation was made to determine what influence length of 
time had on the progress of reduction. The same apparatus was used. 
Oleic acid was distilled under diminished pressure and the tempera- 
ture of the oil bath maintained at 275 degrees, while small quantities 
of the acid were distilled over in definite time intervals and the iodine 
number determined. 
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The following is the result: 

2 hours Iodine No. G7 M. P. 23® 

‘Al hours lodin(' No. 02 M. P. 33° 

5 hours Iodine No. GO M. p. 37° 

9 hours Iodine No. 45 M. P. 50® 

Shaw also determined the effect of pressure considerably above 
atmospheric and found: 

With pressure of 5 atiiios.; temp. 250° C.; Iodine No. 77 

With pressim' of 25 atmos ; temp. 250° (' , Iodine No. G4 

Y’lth pn'ssure of 50 atmos ; temp. 250° C.; Iodine No. 52 

by which he (concludes that the reduction progress(‘s in proportion to 
the increase in pressure.* * * § 

In the decomposition of fats, oils and waxes into fatty acids and 
alcohols by aromatic sulfonated fatty acids, the fats or fatty acids 

used in prejiaring the latter, according to Connstein and von Schon- 

than, are reduced before sulfonation, (dtlier liy catalytic ])rocesses or 
by eh'ctrolysis.f For example, castor oil is hanh'iHul by treatment 
with hydrogt'ii, using pallailium catalyzer; (‘(pial jiarts of th(‘ harden(*d 
pioduct and naphthalene are mixed and to th(‘ mixture twict' its weight 
of sulfuric acid of 06° Baume is add(‘d, avoiding an increase of tem- 
IMTaturc above 20° (\ 

The reaction mixture' is stirrt'd until homogeneous and is then jioured 
into some'what more than its own weight of water. The oily layer 
which separates is filtered and is then ready for use. An illustrative 
example of th(‘ process hy the patentees calls for tre'atment of 1000 
liarts of palm kernel oil, 300 jjarts of wat(‘r and 2 parts of the fat 
cleavage compound for 6 to 8 hours with dry steam. After separation 
of the two layers th(' 1ow(t layer or glycc'rine wati^r is (‘oncentrated 
in th(' customary manner whih' the iqiper layer consists of fatty acids. 

According to Steffan t this fatty cleavage reagent has been placed 
on the market under the name of “ Pfeilring.” § Steffan comments 
on the discoloring action of the Twitchell process on some fats and oils 
among which he mentions certain grades of tallow, soya b(‘an oil and 
fish oil, the coloration of whose fatty acids when produced by the 

* Sabatier notes in his book on Catalysis, Paris, 1913, 78, that the vapors of oleic 
acid entrained l.iy a strong current of hydrogen and patised over niclad heated to 
280® to 300° C. are ra{)idly transformed into stearic acid, and the same thing occurs 
with the isomer elaidic acid. (See Ann. Chim. Phya. (8), i6, 73, 1909.) 

t British Patent 749, Jan. 10, 1912, Vereinigte Chern. Akt. Ges. 

X Seifen. Ztg., 40, 550. 

§ “Pfeilring" cleavage composition from the patent standpoint is critically 
discussed by Esch (Chem. Rev. u. d. Fett u. Harz Ind. (1913), 295). 



3(f 


THE HYDROGENATION OF OILS 


Twitcheli process being so dark that when made into soaps the color 
of th(^ i)rodu(d leav(‘s mii(;h to be desired. 

Fat (;k‘avage reagent prepared with the hardened oil is claimed to 
produce a much lighter fatty acid. The rate of saponification with 
the hardened oil product Pfeilring is approximatt‘ly that of the 
Twitcheli rea'gent. Using equal parts of the two reagents under like 
conditions the following results were obtained: 

5 houiH, 23i hours, 34 hours, 
pel cent per cenl per cent 

Twitcheli rc:i^(‘nt 37 23 83 31 88 04 

Pfcilriiifr rcaRciit 3() 92 80 IS 88.60 

These results indicate for Pfeilring a rate of cleavage slightly h'ss 
than that of th(‘ Twitcheli reagent, but it is brought forward by the 
supporters of Pfeilring that, the latter reagent being in itself very light 
colored, while the Twitcheli reagent has a blacldsh cast, the propor- 
tion of the latter which may be used is limited by the reejuired color of 
tlu' resulting fatty acids, but that Pholring may l)e used in larger pro- 
portion without the danger of discoloration and hence th(‘ rate of 
cleavage may be increased by using a larger quantity of th(^ reagent 
while the rea(dion may b(‘ carried more nearly to completion, that is 
to 95 per cent and over, without the discoloration sometimes observed 
in the Twitcheli i)rocess. 

In response to a critical discussion of the properties of soaps made* 
with hardened oils * Sudfeldt Brothers state f that for s(‘veral years 
th(‘y have been si)litting large quantities of hardeiKnl whale oil by the 
Twitcheli process and converting the fatty acids into soap and have 
found th(‘se fatty acids to be of good color and the soaps prepared 
from them to be in no wise lacking in color. The sharp odor noticed 
in the neutral fat is not lost by the splitting operation and also appears 
in the finished soap.J 

Reference has been made to the work of DeHemptinne on the effect 
of electrical discharge in causing the addition of hydrogen to unsatu- 
rated oils. Later work by this investigator § furnishes additional 
data on this interesting reaction. The formation of stearin by the 
action of an electric discharge on commercial olein in an atmosphere 
of hydrogen was studied on both a small and large scale. The appara- 
tus employed on a large scale consists of a rotatable horizontal axle 

Soifon. ZtR. No. 25, 1912. 

t Scifen. Ztg. (1912), 720. 

t Sudfeldt <fe Co. contend in favor of the Twitcheli reagent; Scifen. Ztg. (1913), 
613. See also Seif on. Ztg. (1914), 311, 338 and 392. 

§ Bull. Soc. Chim. belg., 26, 55. 
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bearing a large' number of tliin, i)arallel, vertical iron plates separated 
by glass plates, the former being eonneeted toge'ther alternately on 
opposite sides. The whole is mounU'd in an air-tight iron drum which 
is partially filled with olein and into which hydrogt'U is introduced; 
the odd numbers of the iron jilates are eonneeted with one pole of a 
high-])otential alternator and the even numbers with the other pole. 
When the axle is rotated, the electric discharge pass(%s through a thin 
layi'r of olein which constantly wets the jdates. The glass dielectric 
may he arraiigi'd so as to contact with om' or lioth fact's of the iron 
])lates (the free space in the latter case being between the dielectrics) 
or the dielectrics may be separated from both faces of the iron plates. 
The (;apaeity of the largest ajiparatus constructed was about 1000 
pounds. Ajiart from the construction of the ajijiaratus the yield is 
influenced by the current density, the frequency of the current, gaseous 
pri'ssure, temperature* of the liquid and the distance' between consec- 
utive iron plates. If the reduction is not iiushed be'yond a point cor- 
r.sponding to a 15 per cent decrease in the iodine number, there is 
a eompl('t(' parallelism betwee'n the decrease' in the iodine number, 
increase of melting jioint and absorption of hydrogc'n. The varia- 
tion of the iodine number or the increase of the' melting point per unit 
of (‘lectri(‘ai ('iiergy employi'd is taken as a measure of the trans- 
formation effected. A i)roportionality Ix'tween the quantity of sub- 
stance transformed and the inb'nsity of (*urrent does not always exist. 
For a givc'ii inti'nsity of current th(' quantity transformed reaches a 
maximum for a definite distance of electrical discharge; this maximum 
varies with the pressure. In order to obtain a satisfactory reaction 
the current must act simultaneously on both liquid and gas. Pro- 
longed action of the current causes polymerization and the reactions 
b('com(' quite complicated. The apparatus can hv used for deodoriz- 
ing fish oil, as the unsaturated compounds of this oil take up hydrogen 
under these conditions. Because of the gradual polymerization pro- 
duced the method is suggested as applicable for thickening mineral 
oils or mixtures of mineral oils with animal or vegetable oils. Molec- 
ular weights as high as 2500, as determined by the ebullioscopic 
method, were obtained. The viscosity of these polymerized oils varies 
less with the temperature than does that of the pure mineral oils; the 
coefficient of friction of the former is also stated to be less. 

Apparatus patented by Hemptinne * is of the following character: 
A series of parallel rotatable metal plates, with discs of insulating 
material between adjacent plates, is arranged within a fixed casing 
or within a vessel that rotates with the plates on a horizontal axis. 

* British Patent 7101, April 4, 1905. 
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Alternate m('tal plates ar(‘ connected to one pole, and the remainder 
to the other j)ol(‘ of a source of el(;ctri(! current, in order to establish a 
silent (‘l(‘(!tri(^ discharge Ix^tween the plates. The latter arc partially 
imriK^rsed in the absorbing liquid, which is carried around by small 
troughs attached to the casing and delivered on to the upper portions 
of th(‘ plated, so that a thin layer of liquid is maintained on the plates, 
and the gas to be treated is thus brought into intimate contact with 
th(‘ liquid. An electro-magnetic device, working automatic^ally, main- 
tains a constant i)r('ssur(‘ of gas in th(‘ apparatus during the absorption.* 

A i)ro(;(‘ss for the i)roduction of neutral hydrogenated fats from raw 
matc'rial containing fatty acid involves hydrogenating the oil in the 
])r(‘sen(a‘ of glycerine under which condition the fatty a(!ids are claimed 
to be convert('d into glycerides. f 

With an apparatus as shown in Fig. 28, Ellis t hydrogenates by 
l)assing a current of oil through a rotary drum containing catalytic 



material supported on coarse fragments of pumice, so that on rota- 
tion of the drum the catalyzer moves in a direction substantially 
transversely to the direction of the oil current. Hydrogen may be 
passed through the drum as a counter-current. A given quantity 
of oil may be circulated in this manner until hardened to the requisite 
degree. § 

* The a]iplication of the eleetric current in the industry of oils and fats has been 
reviewed by Buttlar (Chem. Rev. u. d. Fett und Harz Ind. (1912), 97) who discusses 
its use in the transformation of liquid oils into solid fats, also in the bleaching of 
oils. 

t Seifen. Ztg. (1913), 203. 

t U. S. Patent 1,052,469, Feb. 11, 1913. 

§ In V. S. Letters Patent 1,095,144 of April 28, 1914, to Ellis a process is set 
forth for hardening oils which involves the movement of oil and catalyzer in a direc- 
tion transverse to that of the hydrogen current. 



CHAPTER II 

METHODS OF HYDROGENATION — Continued 

Utescher * * * § treats oils with liydrogen in ])resenco of a finely-divided 
catalytic agent, and at the same time the material is su))jected to the 
action of a silent electric discharge.! In a description of the process, 
it is stated that the “ silent discharge” is prevented from coming into 
actual contact with tlie fatty substance', only chemically active rays 
(e.g. from a mc'rcury va])or lamp) being utilized. It is also stated 
that the proceiss may.be effected by allowing the rays to impinge on 
th(‘ surface of a catalytic substance, which may be used in the form 
of plates.! 

The joint application of a catalytic and an electric discharge is 
claimed to give a greater effect tlian either agent singly. § 

Some observations on the effi'ct of ultra-violet light on catalytic 
action have been made by Farmer and Parker || which indicate that 
on colloidal platinum, at least, the ultra-violet light exerts a ridarding 
infliK'nce on tlui rat(' of catalytic change. Colloidal jdatinum was 
prepared by the Bredig method, i.('., by producing an arc between 
platinum electrodes under distilled water. Hydrog(m dioxide was 
used as a measure of catalytic activity. The colloidal platinum was 
exposed to the ultra-violet light and samples were drawn from time 
to time in order to get exposures of varying lengths, the samples being 
introduced into hydrogen peroxide placed in an apparatus shown in 
Fig. 29. The incliiK'd tube of this apparatus was completely filled 
with dilute hydrogen peroxide solution and a bent delivery tube 
arranged to collect any liquid displaced. As colloidal platinum breaks 

* British Patent 20,001, Sept. 3, 1012. 

t Hydrogen aetivated by a(!tinic rays is used for oil hardening (Soifen. Ztg. (1013), 
1208). 

i In this connection it is noted that the text of the Utescher specification of 
German Patent 206,662 of 1012 appears in Chem. Rev. u. d. Fett u. Harz Ind. (1913), 
308. 

§ Seifen. Ztg. (1013), 851. F. Gruner, French Patent 453,604, Jan. 27, 1913. Oils 
or fats arc subjected to the action of a silent discharge of an electric current of very 
high tension and frequency. Currents of high potential (50,000 to 100,000 volts) 
and high frequency are employed. 

11 Jour. Am. Chem. Soc. (1913), 1524. 
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down hydrogen dioxide yielding oxyg(‘n, th(‘ evolution of the gas an^ 

eonseciiient displacu'inent of liquid 
enabled th(‘ rate of d(‘(;omi)ositi()n 
to be measured. 

The experinumts showed that 
the catalytic activity of the col- 
loidal platinum was almost com- 
l)letely destroyed after an exposure 
of six hours, tlie activity tiu'n ob- 
served b(‘ing no grcaiter than that 
of the s])ontaneous decomposition 
of hydrogen peroxide itself. It 
was noted that the light caus('d 
the ])latinum to be precipitated out of solution as a black flocciilc'iit 
material. After such a })recii)i- 
tation it was in the form of large 
mossy clusters. 

While no observations were 
made with respect to the hy- 
drogenation of oils under th(\se 
conditions, in view of the action 
of ultra-violet light on solutions 
of colloidal platinum, it would 
appear that (‘xposure thereto 
may be cxi)ected to modify th(' 
rate of reaction in the harden- 
ing of oils.* 

A i)ro(*ess of hydrogenating 
oils involving exposun' of the oil 
as a thin film on a web carrying 
catalytic material has been pro- 
posed by Walter. t Fig. 30 shows 
one form of apparatus described 
by Walter for carrying out this 
reaction. A is a closed vessel in 
which is placed a belt or web 
B carrying catalytic material. The belt may be made of asbe.stos 
or cotton cloth and may be impregnated with platinum, iridium, 

* Scjine preliminary experiments by the author point to a reduction in the iodine 
number of cottonseed oil when exposed to ultra-violet light in an atraosplierc; of 
hydrogen. 
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nickel or oHut catalytic material. The belt is carried on rollers E, 
one of which dips into the oil. Catalyzer also may be carried in 
the container C attached to the belt B. D is a steam or water bath. 
II is an inlet and F an outlet for hydrogen. 0 is an inlet for oil. 

Two other types of apparatiis 
ar(‘ describ(‘d: oik' consists of an 
ui)right stationary cylinder jack- 
eted for about on(‘-half the dis- 
tance. Th(' interior has a shaft 
with 4 arms upon wliich the 
catalyzer is carried and revolved 
through the licpiid and gas. A 
l)uck('t arrangement is also at- 
taclu'd to the shaft to throw 
licpiid upon the cata4yzer. An- 
otlu'r ty])e consists of a jacket(‘d 
liorizonlal cyliiKhu’ with a rotating 
shaft supiK)rting arms for carrying 
tiu' catalyzer. (Figs. 31, 32 and 
33.) 

Th(‘ o])(‘rat ion may b(‘ carried out with the aid of chemically-active 
light for which puri)ose a lamj)-lighting syst(‘m of actinic character 

is shown at L ])ositioned in tlu^ 
re(tepta{4e A. Walter lays great 
stress on tlu' rapid absorption of 
hydrogen l)y oil or other material 
(‘xposed in this mannc^r in thin 
films. 1I(^ states that although 
the film of oil on the belt covers 
the catalyzer, and in consequence 
one w'ould expect the reaction to 
b(' hindered by the sealing effect 
of such a film, yet the liquid and 
gas react very quickly with one 
another. The solubility of the gas 
in the liquid, as well as the physical 
properties of the latter, he states, 
do not appear to play any essential 
part, for the sparingly soluble hydrogen exerts its reducing action 
apparently just as quickly in a thinly-fluid alcoholic quinine solution 
as it does in a viscous fish oil. 

Walter recommends passing the oil through a series of receptacles 
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containing catalyzer attached to a belt as described or to an agitator 
arm, the arrang(‘ment being such that the oil first enters the receptacle 
which ciontains the weakest or more nearly 
spent catalyzer and after short treatment 
passes to the next container and so on until 
finally it reaches the last receptacle where 
th(‘ most active catalyzer is emi)l()yed. 

In connection with the abovt‘ it may 
])e stat(‘d that Walter has Ix'cn granted 
German Patent 257,825, of July 27, 1911, 
which, in brief, has to do with th(‘ ])r()duc- 
tion of chemical reactions betw(‘en liquids 
and gases under the infliKuice of a contact 
substance or of ch(‘mi(‘ally-activ(‘ rays. 
Porous or rougluMied bodi('s, which may 
s(‘rve as contact substances, are suj)ported 
on movable carriers and are causcxl alt(‘r- 
nately to dip into th(‘ liquid and then rise 
into the gas above the rupiid, so as to 
bring fresh quantities of th(‘ licpiid con- 
tinually into contact with tlu^ gas, ov(U’ a 
large surface. S(‘veral rcaiction chamlxa’s 
through which the gas and Tupiid pass in 
a definite order are preferably us(‘d. In 
some r(‘sp(Hd,s this restunbles tlu' ])ro(U'ss 
of Kays(‘r ])reviously d\scviss(‘d. 

Birkeland and Devik * em])loy a form of api)aratus which ])(Tmits 
of forcung a mixture of oil and catalytic agent downwards through a 
nozzle into an atmosphere of hydrogen, filling the space above the 
bulk of the oil, which is contained in an autoeJave. The hydrogem 
is drawn into Hie oil jets by injector action and subsequently rises in 
small ])u])bles through the body of oil. The process is preferably 
carried out under a pressure of 10 to 15 atmospheres and at a tem- 
perature of about 150° G. Sudden reduction of the jiressure is claimed 
to promote the hydrogenation of the oil. 

Brochet f treats unsaturated compounds as a class, by hydrogen, 
in the presen(a‘ of a catalyst. Hydrogen or a gaseous mixture con- 
taining hydrogen is passed into the substance to be treated, either in 
the liquid form or in solution or suspension, in presence of a base- 



* French Patent 450,632, April 14, 1913. 
t French Patent 458,033, July 27, 1012. 
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metal (catalyst, which may ho hehl on an inert support. The velocity 
of the r('action is incn^ascnl by workinji; innk'r pn'ssure, although 
extnaiK'ly high pressur(‘s ar(‘ not luTc^ssary. l^y this iwocedure various 
unsaturat(Ml organic compouiuls may be made to coml)ine with 
hydrogen.* 

A somewhat (elaborate' gas-measuring system has Ix'en proposed by 
deKadt.t Tlu' amount of gas absorb(‘<l by a li(iuid or other material 
in a cIoschI v<'ss(‘1, for exam])le, in the combination of hydrogen with 
fats or oils in the presence of a catalyst, is determined by means of a 
gas m(‘t(‘r or otlu'r measuring instrument arranged on tlu' i)ipe su])- 
])lying lh(‘ gas and ada])ted to cut off th(‘ suj)i)ly when a certain amount 
of gas lias been su])pli(Ml or combiiuHl. When aiiparatus is usc'd in 
whicli the gas is introduced through a fine-siuay nozzle at the bottom 
of tlie licpiid, and unabsorbed gas from the toj) of the V(‘ssel is witli- 
drawn and again int r(tduc(‘d into tin* rnpiid, two m(‘t(*rs are fitted ui)on 
tlu' inlet and out, let j)ip(‘s resi)ectiv(‘ly so as to act diffenuitially upon 
an indi(*at.or needh* which thus records the difference Ix'tween th(‘ 
volunu' of gas sup])lied and the volume unabsorlx'd. The needh' 
may control an (‘lectric contact by which the gas supply is shut off 
and the ( irc ulating puni]) stopped as soon as the requisib; amount of 
gas has Ikhiu absorbed. 

Fi};. .'U shows the deKadt. systein. 

Thr r('aetion vessel 1 is e()nn(‘ei(‘d at its upper part through a suit, able pip(‘ con- 
iK'ction 2 with a suction and force pumj) 3. At one part of its length this pipe con- 
nection 2 is fornu'd into a cooling coil 4, which is locates! in a water re'servoir 5. At 
the low'er part of the redaction v(‘ssel 1 a noz/de or rose hi'ad G is jirovided, and from 
this nozzle a ])ipc 7 leads to the vessel 8 containing the hydrogen. This hydrogen- 
eontaming vessed communicates with the jiiimp .*> by means of a pipe 0 and (xml-ains 
a cooling coil 12 provided with inlets and outlets for the supply and discdiarge of 
tlu' cooling water. 

Th(‘ material to b(‘ treated, such as fats or oils, and the catalytically acting sub- 
staniHis are sipijilied to the react ion vessel through a charging door 14. In the first 
place tlu' hydrogi'n sujiply pipe 7 is cut off from the reaction vessel 1 and the ])ipe 9, 
conni'cting the hydrogen-containing vessel with the pump, is closed by a cock 15. 
The materials contained in the reaction vessel are then heated by means of a steam 
jacket or steam coil, and the air, contained in this vessel, is exhausted by means of 
tlu' pump 3 and escapes to the atmosphere by w'ay of the cock 10, the cocks 18 
and 17 being open for this purpose. Hydrogen is then supplied through a pipe 
connected with the pump 3 and is forced into the hydrogen-containing vessel 8 
through the pip(‘ 9, the cocks 17 and 15 being open. When the necessary tension 
has been attained, the cocks 15 and 17 in the hydrogen supply pijie an* closed and 
th(‘ cock 24 at th(‘ upper part of the reaction vessel connecting the vessel and pipi* 2 
arc opened. A valve 19 is arranginl in the pipe connecting the hydrogen vessel with 

* See also First Addition dated Oct. 8, 1912. 

t British Patent 5773, March 7, 1912. 
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the lowcT part of tli(' roaoiion vessel liy oponin}; said valvi' 19, In'liind wliich a 
rcduciiif^ valv(' 20 is arranged ; (ho hydroj^on is conducted liy the })ip(' 7 into the 
v(‘ssel 1, wh('r(‘ it passi's from tlie nozzle 0 throii{i;h the material to be treated uilh 
wliieii it (NunbiiK'S to some extimt, whih* th(‘ excess escapes upwards ami is a^ain 
forced into t,h(‘ hydroj^en-containin}; vcssid S by the pump 3, the coclas Ixang suitably 
adjusted. The sup^ily of hydrogen contained in th(‘ v('s.sel, which is not sujiph'- 
I’cnti'd by a'^frc'sh external supply during the chemical reaction, must gradually 
decrease in timsion owing to the combinaticni with tin; (contents of tlu' n'acdion 
V(‘ss(d. This d(‘C,r('ase in tension can be utilized empirically for di'termining the 
jirogress of the chmnical reaction or for ase.ertaining it,s various stages or its com- 
jiletion. The.se indieations would, however, only be aiiproximate and di'Kadt 
then'fore jirovidi's means to interrupt the supply of hydrogen to tlu' ri'action ve^ (d 
automatically after the eonsumiition of the necessary quantity of combuK'd hy- 
drogen. 



With this object, a gas meter 21 is arrang(‘d on the jupe 7 siqiplying the hydrogen 
to th(' ri'action vessel and indicates the quantity of hydrogen passing from the 
container 8 into the reaction vessid 1. A similar meter 22 is arrangcul on the 
return pipe 2 and measures the quantity of gas being withdrawn. Both these 
nu'ters act on an indicating shaft 23 in such a manner that by the rotation of the 
shaft the first gas meter 21 moves the hand of indicating shaft 23 upwards, while 
the otluT gas nu'ter 22 moves it rearwards so that the index hand shows the differ- 
ence, that is to say the consumption of hydrogen. An electric contact is arranged 
in the path of the index hand and when it reaches a certain position, in which tfii- 
necessary quantity of hydrogen has been consumed, the circuit is closed, and the 
hydrogen supply is cut off. 

In hydrogenating oils containing the hydroxyl group, at high tem- 
peratures, this group is destroyed and Market and Crosfield * propose 

* British Patent 13,519, June 6, 1911. 
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the preparation of saturated hydroxy-fatty aeids and their glycerides 
])y treating the corn^sponding unsaturated acids or glyc.erides with 
hydrogen in the prcscnice of a catalyst other than palladium and pal- 
ladium hydroxide, at as low a temp(‘rature as possible', |)ref('rably 
just above the melting point of the final ])roduct, in order to avoid 
splitting off of the hydroxyl group or to (H)ntro! such splitting to any 
desired extent. Suitable catalysts recommendeel are iron, nicikel, 
cobalt, copper, etc., also oxides, hydroxides and salts, which may be^ 
deposited upon suitable supports, ])ref(‘rably finely divided. As raw 
materials the mixture of unsaturated aeuds obtained by treatment of 
oleic acid with sulfuric acid, the oxidation products of linseed, cot- 
tonseed and rape oils, also castor, grape' seed and whale oils may be 
used. 

Tcviperatiirc of Hydrogenation. For each com])ound then' usually 
exists a well-defined range' e)f temperature within whie^h hyelre)g(*n is 
e'i’fe'e'tively adeleel. Somewhere in this temperateire' interval lies the 
mean effective temperature, that is the temperature e)f maximum sat- 
uratie)n ve'loe'ity. Fe)r a numbeT of fatty oils this ap])roximate's 1 80'^ ( \ 
eir 35()° F. with a nicke'l catalyzer. As a rule hydre^ge'iiation is ae^ce'F 
('rate'el more by a given temperature rise from l)ele)w the' mean e'ffe'ctive 
te'mperature than the same tempe'rature incre'ase' above this ])e)int re- 
tards the re'acdion. For exam])le, raising the temperature from 170° 
te) 180° C. incre'ases the' rate of hyelre)gen aeldition in a ce'rtain me'asure^ 
while elevating the' tempe'rature from 180° to 190° (\ retards the rate', 
but to a lesser ele'gree for such 10 elegre^^ te'm])erature' ine*re'ment than 
the' previous incre'ase in the' rate. In operatie)n on the large scales it 
is, therefore, better to err by maintaining the oil slightly above rather 
than below the mean effective temperature, unless of e^ourse a lower 
temperature' is prese^ribed because e)f the character of the oil. Rapidity 
of treatment ejfteii is ele'sired especially in eelible oils where protracted 
contact with the catalyzer iiitroeluces the danger of solution of the 
me'tallic material in the oil to an objectionable degree.* 

The range of temperature mentioned above varies with each type 
of catalyzer. Platinum and palladium, at least in certain forms, may 
be used at temperatures between 80° and 100° C.; nickel between 
160° to 200° C. ; nickel oxide and copper at about 200° C. and upwards; 

* Th(' hydrogenation of unsaiurated (jompounds, particularly fatty acids and 
their glycerid(5S, into saturated compounds by hyilrogen in the presence of finely- 
divid<Hl metal, according to Higgins is ae.ccihTated by the prescuice of formic acid 
or otlu'r volatilt! organic acid. The formic acid may be carried by the hydrogen, 
or the acid mixed with the material before treatment. (Chem. Abs. (1914), 
437.) 
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all depending on tli(^ physical and chemical constitution of the catalytic 
matf'rial.* * * § 

Caro t eonsidc^rs the presence of carbon monoxide in hydrogen used 
for hard(‘niiig fats with nickel (^atalj^zers to be, under soni(‘ circum- 
stanc(‘s, injurious to the catalyzer. Maintaining the temperature of 
the oil during hydrogemation above 200° (b is said to be l)eneficial as 
any nickel carbonyl formed will ])e at once decom])osed at that tem- 
perature'. The hydrogeaiation of many substance's unek'r tlie'se e*.on- 
elitions is not fe'asibh' and C'aro re'comme'uels that the gas first be jiassed 
over nie:ke'l at 180° (f to convert the carbon monoxide into methane, 
which is inert. 

DeKadt J saturates fatty aerids eir tlu'ir e'sters with hydreigen by the 
use', as a e*at.alyze‘r, of a se)ap of a lu'avy or noble' me'tal, feirme'el frenn 
a fat eir fatty aends, whose nu'lting jwint lie's abe)ve that of the sub- 
stane'e' to be' tre'ate'd.§ , 

It is claimed by Fuchs || that his investigatieins have shown the 
prese'iit ine'thods of reductiem fen* the' most part are impro])erl3' feiunded, 
causing long duratiein eif time' of treatment cou])led with marked loss 
of hyelroge'ii and he'at; use' of a gre'at exce'ss of hydrogen or catalyzer; 
injurious actiein e)f the' long heating on the e'-olor, taste' and odor of 
the' re'eUu'e'd fat; and the' apiilicatiem of high pre'ssure in ajiparatus 
which iuvolve's costly autoclave's, elange'rous to handle. Fuchs ele- 
e'lare's tliat the' e'einduct of re'eluedlem e)f fatty boelie's is essentially 
improve'el if the- following theeire'tical conditions are observeel; 

(1) Thermal consielerations: A epiickening of the reaction is ol)- 
taine'el when the* oil to be* treate'el is maintained at only a moderate 
teni])erature‘ (0° te) 150° (\), while the* hyelrogen employe'el is heated 
to 200° to 250° (', The avoielance* of strong heating of the oil which 
is being treated is favorable* to the epiality of the final proelue;t, while 
preheating the hydrogen a])pe'ars to increase its activity, (kinpiara- 
tive tests sheiw that in this way the spee'd of the reaction can be in- 
creased by about 10 jier ce'nt. For preheating the current of gas, 
copper or nicke*l coils in an oil bath are used. The oil bath may be 

* l])uticw (Clieni. Ztg., 1914, 374) ha,.s noted that the hydrogenation of fatty 
aeidB with metallic niekid begins at 150"’ C. and with iiiek('l t).\ide at 230° C. The 
reaction ])ropresscs readily at both high and low pressures. 

t Seifen. Ztg. (1013), 852. 

t Chern. Ztg. Rep. (1913), 541, British Patent 18,310, Aug. 0, 1912. 

§ Utescher (Seifen. Ztg. (1912), 1044) discusses from the patent point of view the 
claims made by deKadt in Seifen. Ztg. (1912), 960; eei; also Seifen. Ztg. (1912), 900 
and 1008. 

li Seifen. Ztg. (1913), 982. Reduction of unsaturated fatty acids and their 
glycerides, Belgium Patent 256,574, 1913. 
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maintained at the requisite temperature through circulation of oil 
h(*ated at a distant i)oint. 

(2) Ghemical considerations: Since it is impossible to have free 
hydrogen in its most active form, that is, in a nascent state, act upon 
the oil to be tn^ated, because the t|uality of the oil is injured, Fuchs 
observes that means must be i)rovided to apply thc^ kydrogcui in 
the atomic form. This can be carried out through the ai)pli(‘ation 
of chemically active rays. Dissociation of the hydrogen molecuh' 
a]ip('ars also to occur when molecular hydrogen is pass(^d over cata- 
lytic material such as i)alladium black or freshly pn'i)ar(‘d nick('l 
l)ow(ler and then is allow(Ml to tliffuse under higli j)r(‘ssure through 
lu'ated plates of metal. Th(‘ activity of the dissociated hydrogen, 
it is claim(‘d, is from 15 to 20 per cent higher than the normal gas. 
Th(‘ catalytic material may b(‘ ])lac(‘d in a tulx' of suitable h'Ugth or 
on tlu‘ plates of a co4inin aj)])aratus. Hy way of illustration Fuchs 
stat(^s that cottons(‘t‘(l oil (tarrying 0.0 })(‘r c(‘nt of a catalyz(‘r. ])rei)ar(‘d 
from iiick(‘l carboiiat(‘, is raised to a temperature of 120 degr(‘(‘S and 
is subjected to hydrogen under a pressun* of 18 atmos])h(‘res, the gas 
having l)(H‘n chemically activated by passage' through an iron tube 
5 meters in length and GO mm. in diameb'r, liiu'd with platinized 
aslx'stos and heate'd to 250° (\ In this way by two hours’ tre'atme'nt 
a fatty body having a iiK'lting point of 44° (’. was pre})ared. In thrc'ci 
hours a fat nu'lting at G5.4° was obtained. Fuchs notes that ordi- 
narily from 5 to 8 hours would be recpiired to secure such prodiu'ts. 
Tlu' claims of Fuchs’ Patent call for th(^ n'duction of unsaturated 
fatty acids and their glycerides by means of hydrogen according to 
the contact process, wherein strongly heated hydrogen is caused to 
react on only moderately heated oil; also the treatment of oil with 
atomic hydrogtui whose activity has bec'ii increased by treatment with 
chemically active rays. 

The (‘inployment of nickel carbonyl by Bhukoff has been described 
ill the foregoing. In a somewhat similar manner Lessing * makes use 
of a mixture of hydrogen and a gaseous mi'tallic compound brought 
into contact Avith the substance under suitable conditions of tempera- 
ture and pressure. Lessing states he has found that a great number 
of substances may be hydrogenated by treating them at elevated 
temperatures with hydrogen to which a metallic carbonyl vapor, or 
gas containing a metallic carbonyl, has previously been added; or 
with a mixture of gas('s, containing hydrogim in which metal carbonyl 
has been formi'd by combination of carbon monoxide, originally in 
the mixture, with a metal. The rapidity with which the hydrogena- 
♦ British Patent 18,998, 1912. 
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tion proceeds under these conditions may be explained as the effect 
of the lil)eration of elementary metal, the properties of which in 
statu nasc(mdi ” are known to be vc^ry different from those of metal 
which is merely finely subdivided. Lessing observes that it has 
already been proposed to use as the catalyzer finely-subdivid(‘d nick(‘l, 
made by decomposing ni(;k(‘l carbonyl in the heated material i)rior 
to the introduction of the hydrogenating gas, but it was not known 
that technical advantages accrue from conveying the nickel carl)onyl 
into th(‘, material simultaneously with the hydrogenating agent so 
that elementary liberation of nickel occurs in close contact with liydi’o- 
gen and the substance to be hydrogenated. These advantage's an' 
that the proportion of catalyzer is very much n'dinu'd and the reaction 
proceeds much more rapidly. Lessing carries out his ])roc('ss in 
various ways. It is convenient to introduce nicked carl)e)nyl into tlie^ 
hyelrogen gas by passing a mixtures of the latterrvith carbon me)ne)xi{le 
over renluccd nicked in the well-known manner for making nicke'l 
carbonyl. 

TIk' mixture' eif gases cinploye'd ikm'cI not. he* of great jiurity and may he maele from 
watc'r-gas, or by tlu^ tlmrinal eleeomposition eif coal gas or of coke-oven gas or (,f 
hydro(;arl)()ns of any kind, but best re'sults are* eibtaine'd when the amount of carbon 
moneixiele' m the* gases is liimtcel to that re'epiisite for forming the' nieikcl e-arbonyl 
nece’ssary for the reaction, and m any case the* preiport.ion of cari)on monoxide* in 
tlie* mixture; should neit (‘xcexid 25 pen’ eient. For ('xample*, when an eiil such ii:. a 
glycerieie* or a fatty aciel is being hydroge'iial.e'el, the simidest mode eif ei]K'ruting e'on- 
sists in jiassing liyelreigcn containing 5 tei 10 pe'r cemt of carlion memeixule' (irst throujdi 
a volatilize!' charged with reeluccd nickel and the'ii threiugh the oil containe'el in a 
cleised ve'ssel lu'at.ed to a suitable; teinjierature, say from 200“^ tei 240'" C. The gase's 
passing away fremi the vesse*! are; re'turned to the volatilize!' to bo used again, hydro- 
gen or a gas rich therein be'ing added to comjiensatc for that absorbe'el by the* oik 
The proport.iein of nickel required for t.he hydrogenation is ve'ry small; under proju'r 
conelitions exc(;llcnt results can be obtained with a propeirtion eepiivalent to 0.1 part 
of nicked to 100 jiarts of eiik 

Anotlier mode of operating consists in forcing the substance tei be treated, if it 
is in a liepiid form, through spraying nozzles into a gas-tighi vexssel which may be 
suitably heated to the temperature; most favorable to the catalytic hydrogenatiein 
of the substance. Into the same container, preferably at or ne'ar the bottom, hydro- 
gen gas containing metal carbonyl, for instanci* nickel carbonyl, is passed. The 
ex(;e8S of gases leaves the vessel through an outlet at. the ujipcr part and may be 
returned into the gas circuit after the products carried with it have bi'en separated 
by condensing or washing. The treated liquid may be drained off and returned to 
the reaction vessel until hydrogenation has proceeded far enough. Instead of heat- 
ing the reaction vessel, or in addition to doing so, the liquid may be iireheati'd in 
a suitable apparatus, before entering the vessel, t(j a t(;mi)eraturc required for the 
reaction. 

By another method of canning out the process, a solution of metal carbonyl in 
oil is prepared, which may be accomplished by passing the gas carrying nickel car- 
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bonyl through cold oil. This .solution is forctsl througli a spray iwzih into a heated 
vessel where it iii(‘('ts hydrogen whcTeupon hydrogenation oeeurs. 

If till' compound to lx; treated is in th(‘ state of gas or vapor, as for instance in 
the hydrogenation of th(5 more volalih' tar oils, it is simply mixed with hydrogen 
containing the nielo'l carbonyl and is subjected to tlu’ temperatun; required for 
hydrogenation. Lik(‘wise in the cas(‘ of a liquid sonu' hydrogen may be mixed with 
th(' liquid, th<‘ spray being then preferably formed by injector actiort instead of by 
liquid pn'ssun'. 

The use of nickel carbonyl for the production of catalytic material 
also has been patented by Kamps,* who introduces the carbonyl into 
an autoclav(‘ at a temperature above 43° (\ and a pressure of 751 min., 
and tli(' oil which is to be reduced is maintained under such jiressure 
and tem])eratur(‘ conditions that the d(‘comi)Osition of the nicktd 
ciirbonyl is brought about. At ()0° V. the oil should be under a 
])i‘(‘ssur(' of less than 2 atmosplieres and at 180° Cb less than 30 at- 
nu)S])heres. • 

AnotluT method of utilizing nickel carbonyl for the production of 
catalytic material is that proposcxl by the Bremen Besigheimer 
Olfabriken f according to which method ki(\selgii}ir or similar porous 
mat(‘rial is saturat(‘d with nickel (carbonyl and th(‘ matc'rial is lu'atiul 
to cause the ch'position of imdallic nickel on the carrier. The ibud-ad- 
containing ])owd(‘r is imnuHliatcdy ground with oil to form a jiaste- 
Iik(‘ mass, this ojieration Ix^ing carri(‘d out Avith the exclusion of air. 
It is also stated that the contact material may be n'worked in tJu' 
folloAving manner: 

It is first ])urih(‘d by extraction, th(‘ nickel n'moved and after con- 
version of the latter into a jiulveruhnit form is again used for th(‘ 
production of nick(d carbonyl. It is recommended that the (^arl)on 
monoxide obtained by the Linde-Caro process in the liciuefactioii of 
water gas lie used for the jiroduc.tion of the carbonyl. 

A form of apparatus adapted to be used in carrying out a procc'ss 
of hydrogenating oils t which relates more specifically to th(‘ treat- 
ment of rancid oils or oils of high acidity is shown in Fig. 35. An 
oil containing a high proportion of free fatty acids or products of 
rancidification may be diluted Avith a niaitral oil and tlu^ mixture 
hydrogenated to a hard fat, although the original rancid oil be in- 
capable of hydrogenation, because of its poisoning action on catalyzers. 
The apparatus consists of a tank having a dome in which atomizcTs 
are mounted and by which the oil is atomized with hydrogen gas, and 
is then allowed to trickle tlirough a series of screens placed in the lower 

* Belgium Patent 246,975. 
t Zeit. f. angew. Chem. (1913), ref. 027. 
t Ellis, U. S. Patent 1,078,136, Nov. 11, 1913. 
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part of the dome. Palm oil may l>e heated without access of air to a 
tempc^rature at which its color is destroyed by hydro^renatinp; under 
these conditions, i)roducing a fat which is especially useful to soap 
makers. 

A process for thickening oilsand fats is described by Scherieble.* 
The material to be treated is subjected to ozone-forming electric 

discharges by sending su(di dis- 
charges directly through it. 
Potentials of 10,000 to 20,000 
volts yield no results, as oils and 
fats introduced betwe('n th(‘ elec*- 
trodes im])(Mle any dischargi* ])y 
r(‘ason of their gri'at insulating 
])roperties. ExjKa’iments in this 
direction have, howevtu, shown 
that discharges through oils and 
fats are quite ])Ossible when high 
])ot(‘ntials of 50,000 to 100,000 
volts and beyond are emi)loye(l. 
The higher the ])ot.ential of th(‘ 
electric current and the greater 
its frequency the easi(‘r it is to 
pass a discharge, with the for- 
Fkj. IF). mation of ozone, through thick 

layers of oil. 

The oil 5 to be thickened or bleached is placed in the pan b (Fig. 36), 
the bottom of which forms one electrode, connected to the source of 
electricity l)y the conductor shown. 

The second electrode 8 having the 
terminal points 9 and fed through 
the conductor 10 is placed above 
the oil so that the discharge 11 
acts upon the oily material. 

By the Calvert system the oil 
is submitted to violent agitation 
while under a hydrogen pressure yig . 36. 

of 250 i)ounds per square inch and 

at a temperature of 180° to 200° C., in a specially constructed auto- 
clave having an electric motor (for stirring) enclosed in a chamber 
which is under the same hydrogen pressure as the autoclave proper. 




U. S. Patent 1,079,727, Nov. 25, 1913. 
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bonyl through cold oil. This .solution is forctsl througli a spray iwzih into a heated 
vessel where it iii(‘('ts hydrogen whcTeupon hydrogenation oeeurs. 

If till' compound to lx; treated is in th(‘ state of gas or vapor, as for instance in 
the hydrogenation of th(5 more volalih' tar oils, it is simply mixed with hydrogen 
containing the nielo'l carbonyl and is subjected to tlu’ temperatun; required for 
hydrogenation. Lik(‘wise in the cas(‘ of a liquid sonu' hydrogen may be mixed with 
th(' liquid, th<‘ spray being then preferably formed by injector actiort instead of by 
liquid pn'ssun'. 

The use of nickel carbonyl for the production of catalytic material 
also has been patented by Kamps,* who introduces the carbonyl into 
an autoclav(‘ at a temperature above 43° (\ and a pressure of 751 min., 
and tli(' oil which is to be reduced is maintained under such jiressure 
and tem])eratur(‘ conditions that the d(‘comi)Osition of the nicktd 
ciirbonyl is brought about. At ()0° V. the oil should be under a 
])i‘(‘ssur(' of less than 2 atmosplieres and at 180° Cb less than 30 at- 
nu)S])heres. • 

AnotluT method of utilizing nickel carbonyl for the production of 
catalytic material is that proposcxl by the Bremen Besigheimer 
Olfabriken f according to which method ki(\selgii}ir or similar porous 
mat(‘rial is saturat(‘d with nickel (carbonyl and th(‘ matc'rial is lu'atiul 
to cause the ch'position of imdallic nickel on the carrier. The ibud-ad- 
containing ])owd(‘r is imnuHliatcdy ground with oil to form a jiaste- 
Iik(‘ mass, this ojieration Ix^ing carri(‘d out Avith the exclusion of air. 
It is also stated that the contact material may be n'worked in tJu' 
folloAving manner: 

It is first ])urih(‘d by extraction, th(‘ nickel n'moved and after con- 
version of the latter into a jiulveruhnit form is again used for th(‘ 
production of nick(d carbonyl. It is recommended that the (^arl)on 
monoxide obtained by the Linde-Caro process in the liciuefactioii of 
water gas lie used for the jiroduc.tion of the carbonyl. 

A form of apparatus adapted to be used in carrying out a procc'ss 
of hydrogenating oils t which relates more specifically to th(‘ treat- 
ment of rancid oils or oils of high acidity is shown in Fig. 35. An 
oil containing a high proportion of free fatty acids or products of 
rancidification may be diluted Avith a niaitral oil and tlu^ mixture 
hydrogenated to a hard fat, although the original rancid oil be in- 
capable of hydrogenation, because of its poisoning action on catalyzers. 
The apparatus consists of a tank having a dome in which atomizcTs 
are mounted and by which the oil is atomized with hydrogen gas, and 
is then allowed to trickle tlirough a series of screens placed in the lower 

* Belgium Patent 246,975. 
t Zeit. f. angew. Chem. (1913), ref. 027. 
t Ellis, U. S. Patent 1,078,136, Nov. 11, 1913. 
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An a})i)aratus for hardoning oil, proposed by Wilbuschewitsch,* 
comi)rises tlie vessel R (Fig. 38) containing the fat to be treated and 
the vessel 0 containing the catalyst. Differentially-connected ])umps 
A A ' fc(Ml the oil and the catalyst into the mixing device B in which an 
intimate mixture of the oil and the catalyst is obtained. This mixture 
passes through a pipe G and the valve H into an auto(;lavc J' which is 
provided with a spraying device C' consisting of a numlx'r of s])raying 
nozzles so arranged that the oil and catalyst arc uniformly scattered 



in fin('ly-su])divided condition throughout the whole inner spacv of 
the auto(dave. A compressor K forces hydrogen into the autoclave 
under a pressure' of about 0 atmosplu'res. The pipe X extends from 
the uppc'r part of the autoclave downward to the lower end of the 
same and is provided at its lower end in the conical lower part of the 
autoclave with an admission nozzle ])', By this spraying system an 
intimate contact of the oil mixture with the hydrogen is achieved on 
the counter-current principle. The autoclave is heated to between 
100° to 1G0° C. according to the nature of the oil under treatment. 
The reduction by the hydrogen begins at the upper part of the auto- 
clave. The partially reduced oil mixture collects in the conical part 
of the autoclave and is sprayed in the form of a fountain through the 
autoclave l)y the incoming hydrogen. The mixture is forced by pump 
E' into the second autoclave J“. The hydrogen enters this autoclave 
through pipe Y and the action of the first autoclave is repeated. Any 


U. S. Patent 1,079,278, Nov. 18, 1913. 
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number of sueli iiut oelaves eiiii 1)(‘ urranj^i'd in series or j)anillel to oacli 
otlier in aceordaiiee with tlu^ ext<‘nt of n'duction nniuired. ft is 
g(‘iu‘rally siiitabU' to iis(‘ oiu' aiitoelave for each iii(‘r(‘as(‘ of melting 
point by 15° (\ Wlnui the fat lias attained the desired melting point 
which is asc.ertaini'd b}" sam})les withdrawn from the autpclaves, the 
oil mixture is withdrawn through the valve U into the centrifugal 
ajiparatus F. Here the oil is separated from the catalyst. The 
linished reduced oil flows into the reservoir N while the catalyst is 
relumed through th(‘ jiipe R' and valves S and T to the vessels 0 and 
r. At first when the catalyst which Wilbuschewitsch employs is 
still (piite fresh, he states that only a little of it is necessary — 1 per 
cent may be advantageously used. When, however, in the course of 
th(‘ operation its catalytic, power decreases, (correspondingly mon* of 
it must be used. The rc'gulatioii of the ciuantity of catalyst may Ixi 
attaiiKMl by a suitable adjustment of the differential pump systiun. 
\\ hen the catalyst is complet(‘]y spent it is allowed to How out through 
th(' valv(‘ aS into tlie reservoir P in ord(*r to be negenerated. The 
working is continued by introduction of fn'sh catalyst through the 
valv(‘ T. The hydrogen not consum(‘d passes through tluc check 
valv(‘ W and pip(‘ Q and cooling worm L into a vessel M filled with 
(caustic soda lye where it is purified and then passes to the compressor 
and autoclav(cs. 

Wimmer and Higgins * use as catalyzers organi(c metal salts such 
as the formates, acetates or lactates of coppicr, iron, nickel or cobalt. 
Th(cse require no special preparation Ix'fore their use as catalytiic 
agents; and it is (claimed that impurities (contained in the reducing 
gas employed in the tr(‘atm(cnt do not renikcr thes(‘ compounds in- 
effective. Wimmer and Higgins state that those jiroicesses in which 
fiiiely-divid(Hl metals are (employed in tluc treatment of unsaturated 
compounds call for the employment of intense mechanical agitation 
to obtain admixture of the catalysts and the liquid, or require the 
distribution of the metal over the outer surfa(ce of contact carriers such 
as pumi(ce stone, ki('selguhr, etc. By their process the compound to 
be reduced is mixed with the organic metallic salt, heated to a suitable 
temperature, and either a stream of the reducing gas is passed through 
the mixture, or the latter is subjected to an atmosphere of the gas in 
a closed vessel, while contact between the gas and the mixture or 
emulsion may be assisted by agitation. Under these conditions the 
saturation is said to take place comparatively quickly and the spent 
or partly spent catalytic agent can be removed by simple filtration 
after the operation. 


U. S. Patent 1,081,182, Dec. 9, 1913, 
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AHCordiiiK 1o an ('xamph' p:iv(*n, KK) ^mins of cott()ns('c(l oil are mixed with 1 to 
5 graniK of niclo'l fonnat(‘ (in eono(‘ntrat(‘d aqueous solution or in the form of a 
powder), d'lu' mixture is warmc'd and a stream of hydrogen gas jiassed into the 
appaiatus. During this tiim^ t.h(‘ temperature of the mass is raised to from 170° to 
200° C. Th(' duration of tlu‘ tr(‘at.ment dejiends upon the quantity of th(‘ eatalytie 
agi'iit (‘inployed. "hho n'duetion may he (tarried out until th(‘ unsat, uratiul eompounds 
are quant italivi'ly transformed into saturated ones. The mass is then filtered. 

I'or this iiroei'ss tlu'y r(‘gard the met,al salts, both normal and acid, of the mono- 
and polyhasie earhoxyhe aeids and hydrocarboxylic aeids of the fatty groiqis as 
most, suitable*; tin* formate's, acetate's, propionates, butyrates, laetate's, glycollates, 
oxalate's, malonates, suee'inates, tartrates anel citrates of nickel, cobalt,, iron anel 
co])p('r are me'ntioru'd 

“The proce'ss may be meielifie'd in various ways. Thus, for exarn])le', the eiil may 
be emulsified with the* catalytic agent and simultaneously heated and have hydro- 
ge'ii or gas mixture's cemtaining hydrogen jiasse'el thre)Ugh it in a suitable* emulsifying 
apjiaratus; or the* eiil mixe'd with the* eatalytie* agent may be breiught into contae*t 
in a fine state* of divisiem with the hydroge'ii, as in a mamie'r that has alre*aely been 
])re)pe)se'd. The* reae*t,ion may also be* acce*le'rateel by using the hydrogen unde'r 
pre'ssure eir by impregnating the eiil with hyelreigen anel then bringing it into intimate 
contact with the eatalytie* agent.” 



Fiei. 39. 

Fig. 39 is a view of an apparatus fe^r carrying out the process. The gas is drawn 
by a f)ump a from a generaten* (not sheiwn) anel is forced by the pump into the pres- 
sure* equalizer b. The'nex* t he gas passe's through a pipe* r, into the receptaeiie c pro- 
vided with a funnel / for intre)elue*ing the mixture of catalyzer and e)il. The mixing 
apparatus contains an agitatea* consisting of a longitudinal shaft jirovided with a 
series eif rc'volving beate*rs g. In the base of the mixing apparatus is meninted a 
heater h. If water gas is used as the rc'e hieing agent, the peirtion of the gas, which 
has not been absorbeel in the mixing apparatus, pasvses through a pipe i te) a gas holeler 
or collector k, and is then used for heating or power purposes. 

A modified form of the inductor and tank shown in Fig. 26 is de- 
picted in Fig. 40.’’' 

In Fig. 40, 1 is a treating receptacle having the inlet 2 for oil or catalyzer; a 
hydrogen inlet 3; a back-flash tube 4; a draw-off valve 5; a steam heating coil 6; 
supporting members 7 ; and a catalyzer inlet 8 adapted to hold capsules of catalyzer; 


♦ Ellis, U. S. Patent 1,084,203, Jan. 13, 1914. 
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11 is a pump ooniu'ctcil witli <hr lower pait of the tank by the pipe 12 and having 
a disrliarg(‘ pi])o 13 extending to an induetor 1 1 winch is in eornnmniealion by means 
of the inlet lo and {lipe KJ with the top of the treating n'cejitaelo 1. From the 
inductor tlie pipe 17 extends nenrly to the bottom of the reeeptaele and terminates 
in a distributer 18 vvhieh is so arrangi'd that the bow of material therc^through is 
both down and angularly against the bottom of the tank or riTejitaele. 



Bock''' {k'scribos several forms of aj)parattis intended for hardening 
fats and fatty aeids. ( )n(' of thesi* involvt's passing tlu* fatty material 
along or through a porous ])Iat(‘ eontaining etitalyzer in the presence of 
hydrogtm. Fatty acids may be h;ird(*n(Hl undiT a considerable degree 
of liydrogen pressure and subs(‘(|uently th(' catalyzer may be freed from 
th(‘ acid by distillation under reduced atmospheric pressure. Reduced 
nickel on kiesclguhr is used as a catalyzer.! 


♦ Seifen. Ztg., 1914, .349. 
t See also Seifen. Ztg., 1914, 421. 
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METHODS OF HYDROGENATION—Continued 

In his Inaugural Dissertation, Bedford describes a series of obser- 
vations made 'by him prior to or during 1906 on the hydrogenation 
of oleic acid and certain esters of the fatty acids of linseed oil.* 

An apparatus as shown in Fig. 40a was used to luring oil, hydrogen and catalyzer 
into contact. The hydrogenating portion of this apparatus consisted of two coni- 
inunic.ating vertical cylinders partly filled with catalyzer and immersed in an 
oil liath. Oil was admitted to one cylinder by means of a dropping funnel while 
hydrogen was introduced at the bottom of the same cylinder through the glass tube 
shown on the right hand. The catalyzer was prepared by igniting ni(;kel carlionate 
to form the oxide, forming the latter into a paste by means of distilled (chlorine-fre(>) 
water and adding fragments of ignited pumice of about the size of ])eas. The 
])umice and nickel oxide paste was well stirred, tbe material dried at 95° and reduced 
in the treating apparatus by exposure to hydrogen for eight hours at 275° to 285° C. 
After reduction the temperature was reduced to 170° to 180° C. and the oil to be 
hydrogenated was allowed to fall drop by drop on the nickelized pumice while 
hydrogen was passed through the apparatus. Under these conditions hydro- 
genation took place and the treated product was duly separated from the catalyzer 
by extraction with ether. The nickelized pumice thus freed of oil was used again 
after exposure to hydrogen for one hour at a temperature of 250° C. 

Bedford determined the amount of hydrogen absorbed by the unsaturated 
compounds examined by him in these investigations and expressed his results 
in part in terms of the “hydrogen number," that is, the percentage of hydrogen 
absorbed by the compound. When the catalyzer was used for the first time 
abnormal results were obtained, due, apparently, to the incomplete reduction 
of the nickel oxide in the preparation of the catalyzer. After using once, more 
concordant results were secured. 

Oleic acid having an iodine number of 87.5 was treated in this apparatus and 
in one trial the reduction product had an iodine number of 4.1 and a melting- 
point of 64.5® C., while in another case the iodine number was 0 and the melting- 
point was 69°, indicating the complete transformation of oleic to stearic acid. 

Pure oleic acid, according to theory, absorbs 0.714 per cent of hydrogen. This 
represents the hydrogen number of oleic acid. In two trials Bedford found 

HydroRen Percentage of 


Number Theoretical 

Found. Amount. 

{A) 0.7226 101.2 

{B) 0.7450 104.3 


♦ Ijber 4e ungesftttigten S&uren des Leinols und ihre quantitative Reduktion zu 
Stearinsliure, Halle, 1906. 
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When the ethyl ester of linolenic acid was similarly treated and the hydro- 
genated product (iodine number, 0) was saponified, stearic acid of melting-point 
69° C. was obtained. 

The hydrogen number of the ethyl ester of linolenic acid is 1.9737 and the results 
obtained by Bedford were as follows: 


HydroRen Percentage of 

Number Theoretical 

Found. Amount 

(A) 1 9482 98 7 

(B) 2.0408 103.4 


Bedford also hydrogenated the ethyl esters of the fatty acids of linseed oil 
(free from oleic acid) and obtained products having numbers ranging from 24.9 
to 0. The ethyl ester of stearic acid was the main jiroduct of the reaction. The 
hydrogen number of the ethyl ester of linolenic acid is, as stated, 1.9737, while 
that of linolic acid is only 1.3072. I'he hydrogen values found were intermediate 
these values. 

, Hydrogen Number 


Found 

(A) . 1.4544 

(B) 1.4578 

(C) 1.4441 



The complete apparatus used by Bedford as shown in Fig. 40 a is as follows: The 
gla.ss container F of al)Out 18 liters capacity is used for holding and measuring the 
hydrogen. The mouth of the container is closed with a stopper having two perfora- 
tions through which the tubes r‘ and r- are in.serted. The receptacle is surrounded 
with a metal jacket holding water which enables the temperature to be maintained at 
the desired point. From the container F the tube t leads to an intermediate vessel 
E. H is a funnel containing water. IF is a wash-bottle containing sulphuric 
acid. Hydrogen is introduced at /i® and nitrogen at /d. 5 is a glass coil cooled 
by liquid airwhi(;h serves for the removal of the last traces of moisture from the 
gases. The catalyzer as indicated above is placed in the vessels and The 
vessel B is cooled with liquid air. A calcium chloride tube h is placed inter- 
mediate the latter and the tul>e V. Copper ‘oxide is introduced into the tube 
V and in this tul^e the hydrogen is converted into water and the latter is con- 
densed in the receptacle A by chilling with liquid air. A calcium chloride tube is 
also connected with the exit of the vessel A. 

A paper by Erdmann and Bedford in Berichte, 1909, 1324, discusses 
the hardening of fatty acids and esters. Reduced nickel on pumice 
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was used and the oil was allowed to flow through a tower containing 
the catalyzer. The catalyzer is stated to be based on a modification 
of the method of Sabatier. Linseed oil and fatty acids were 
treated. 

The continuous hydrogenation of unsaturated fatty acids or esters 
may be carried out according to the Badische Co.’^ in the following 
manner: As a catalyzer is employed nickel, copper, iron, or mixtures 
of these metals with one another or with agents promoting th(' activity 
of the catalyzer. The process is effected undew pressure of at. least 
thirty atmospheres and preferably over fifty atmosplieres, the catalyst 
being supported in the pressure vessel so as not to mix with the sub- 
stance treated. The preparatiem of the catalyzes may be accomplished 
by reduction of an oxygen compound of the metal by means of liydro- 
gen under pressure in tlic same apparatus used for the hydrogenation 
of the fatty acid, etc. According to examples: finely dividcMl nick(‘l, 
prepared liy reduction of the oxide or carbonate at a low tcTiiperature, 
is supported on a carrier in the pressure vessel, or nic-kc'l jiieces oi* v.ire 
netting is suitably held thewein. Cottonseed or linsec'd ( il is passed 
into the vessel and treated with hydrogen at lOO'^ under a jiressure 
of 120 atmospheres. Nickel carbonate or formate mixed with alumina 
and formed into balls or spread on a carrier, is placed on per- 
forated trays in a cylindrical high-pressure apparatus and naluced :it 
220° to 250° by means of hydrogen under pressures of 110 ■ 100 atmos- 
pheres. The reduced metal is allowed to cool in hydrogen under n 
pressure of 30-100 atmospheres. The reduced metal is cooled in 
hydrogen to about 80°, and a stream of the oil to be hydrogenated 
and hydrogen under pressure are then introduced into the apparatus. 

A laboratory apparatus for catalytic reduction is described by 
Voswinckelt which in a modified form,t is supplied by Bernhard 
To’macz & Co., Berlin. Fig. 40h shows the hydrogen-measuring 
apparatus employed. 

The two thick-walled graduated cylinders G and Gi arc drawn out at their 
necks in order to do away with the rubber stoppers that were employed i i the 
ori ginally designed apparatus. Those elongated necks are bent in the form of 
an L and are connected with the valves A and Ai by means of pressure tubing. 
Of the rubber tubes b and 6i, one connects the apparatus with a hydrogen tank, 
while the other joins the apparatus to a reaction vessel of the shaking type. The 
entire apparatus is mounted on a wooden frame to insure stability and render it 
easily transportable. 

* British Patent 2,307, Jan. 28, 1914; Chem. Abs., 1916, 125; J. S. C. I., 1915, 
970. 

tChem. Ztg., 1913, 489. 

tibid., 1914. 634. 
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The two cylinders which are joined })y the jiilass tube D are filled with 1 ] liters 
of water Hy means of air or hydrogen the water is transferred into the cylinder 
Gi until the latter is full, 'fhc yalye Ai is then closed to preyent the water from 
flowing hack m (1. Die cylinder (l\ is connected with the liydrogon tank by 
means of hi and the water is dis])laced by hydrogen. Valve A is again closed. 
The hydrogen tank is connected with It, valve A is openetl and hydrogen is admitted 
until the pri'ssure is about li atmospheres. The cylinder G is then •connected to 
the reaction chamber win li has been previously eva uated Die valve Ai is 
opened and the shaking machine is set in motion \\ hen the hy Irogen of the 
cylinder Gi is used up, the cylinder G, which in the meantime has been filled with 



hydrogen, is connected with the ri'action chamber and Gi is connected to the 
tank of hydrogen During this operation the valves A, Ai, and B are all shut 
to [irevent the water from flowing back from cylinder G\ into cylinder G. 

Eig. 4()c is an illustration of a laboratory typo of hydrogonator. On 
tlio left is shown an autoclave of cast stind mounted on a tripod and 
ec]ui}:)p(*d willi a stirrer. The latter is operat(‘d by a groovinl pulli'y 
and round belt which is supported on the idl(‘r shown on th(^ right. 
The hydrogen gas is supplied by the pip(‘ shown resting on tlu' base 
and communicating with the autoclave through the top of the latter. 
A jiressure gauge and safety valvi^ are also providi'd. The autoclave 
has a roundi'd bottom and is surrounded by a sheet-iron mantle. It is 
heated by a Bunsen burner.* 


* The aulocluve was made for the author by the F. J. Stokes Company, Philadv'lpliiu, Pa. 
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Dewar and Liebmann * seek to produce a catalyst, and to hydros 
genatc oil in one and the same operation and at the sanK‘ relatively 
low temperature by mixing the fats or oils with a mixture of the oxides 
(either hydrated or anhydrous) or the carbonates of two or more 
catalytic metals, viz.: nickel, (cobalt, or copper, or with a mixture 
of the oxides or (;arbonates of one or more of these catalytic metals 
with palladium, platinum, or silver, in a fine state of division, or 
with a mixture of the oxides or carbonates of one or more of these 



Fig. 40c. 


catalytic metals with silver oxide, passing hydrogen through the 
mixture while it is being stirred and heating the mixture to a tem- 
perature at which the reduction takes place. Hydrogenation pro- 
ceeds concurrently with the production of the catalyst and the con- 
version of the unsaturated body by the addition of hydrogen to the 
molecule is said to be very rapid. 

The modifications of the process are classified by Dewar and Liebirann as 
follows: 

A. Hydrogenation of fats and oils in a liquid state by treatment with hydrogen 
of an unsaturated fat or oil in the presence of mixtures of hydroxides, oxides, or 
carbonates of two or more of the catalytic metals, viz., nickel, '’obalt, or copper. 

♦J. S. C. I., 1915, 797; British Patent 12.982 of 1913; Mat. grasses 1916, 8, 4377; 
Chem. Abs., 1916, 284. 
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B. Hydrogenation of fats and oils in a liquid state by treatment with hydrogen 
of an unsaturated fat or oil in the presence of a mixture of one or more of the 
metallic compounds as defined in A with finely-divided palladium, platinum, or 
silver. 

C. Hydrogenation of fats and oils in a liquid state by treatment with hydrogen 
of an unsaturated fat or oil in the presence of a mixture of a metallic compound 
as defined in A and silver oxide. 

I). Hydrogenation of fats and oils in a liquid state by treaiiiu'nt with hydrogen 
of an un^aturated fat or oil iii the presence of the mixtures mentioned in A, B 
and C, pro luced on the surfaces of porous substances 

The following examples will serve to illustrate the process: 

L A solution of 89.2 parts by weight of nickel nitrate (crystals) and of 9.3 
parts of copper nitrate (cryst ilO is poured into a hot f-oluti m (o:itaining 1() parts of 
pot'is-iium carbonate. The precipitate is collected on a filter, washed thoroughly 
until free from soluble salt^ and then dried on the water-bath; it is then heated 
to a temiierature liclow rerl heat until the weight is constant. One bundled parts 
of cottonseeed oil are then stirred with a quantity of the oxide thus prepared, 
the metal contents of whiiih correspond to two per (‘ent of the weight of the oil, 
A strong current of hydrogi'n is passed through the mixture which is heated for 
two hours at about 190° C. whil* being continuously stirred. On cooling, the 
oil is found to be hard and very nearly saturated, the iodine number being reduced 
from 110.6 of the original oil to 20.4. 

A similar experiment carried out with the same mixture of oxides and whale 
oil shows after an hour reduction of the iodine value from 114.8 to 20.6 and after 
two hoprs to 1.9. 

2. One hundred parts of whale oil are mixed with a quantity of nickel and 
copper hydrate.s (cont lining 90 per cent of metallic nickel and 10 per cent of 
copjier) in proportion of about 2 iier cent of the metals to the weight of the oil 
and a strong current of hydrogen is passed through the mixture while it is being 
continuously stirred and heated for one hour at ab.out 185° C. The iodine value 
of the whale oil is thus reduced from 128.8 to 32.3 and the oil is quite hard. 

3. Nickel and copper carbonates are prepared in molecular proportions in the 
manner described in No. 1, and a quantity of the carbonate, the metal contents 
of which amount to about 2 [ler cent of the weight of the oil used, is mixed with 
cottonseed oil and a strong current of hydrogen is ptts.scd through the mixture, 
while it is being continuously stirred and heated for two hours to about 185°. 
The iodine value is reduced from 113 to 38.6. 

4. 44.6 parts of nickel nitrate (crystals) and 2 parts of iialladium chloride are 
dissolved in water with the addition of a little hydrochloric acid. The solution 
is warmed and added to a hot aqueous solution containing 15 parts of caustic soda 
and 2 parts by volume of 40 per cent formalin. A dark gray precipitate Ls obtained, 
collected on a filter and dried on the water-bath. 

One hundred parts of whale oil are mixed in an autoclave with 3 parts of the 
product thus prepared (about 2 per cent of metal contents) the autoclave closed 
and the mixture being well stirred and heated (while hydrogen is passed through) 
to about 180° or 190°, the outlet of the hydrogen being so regulated that the 
pressure in tht autoclave is about 140 lb. After half an hour the oil, on (tooling, 
i^ quite hard, the iodine number being reduced from 128.8 to 36.1. 

5. Whale oil is mixed with nickel hydrate and silver oxide (90 per cent nickel 
and 10 per cent silver) in proportion of about 2 per cent of the combined metals 
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to the weight of the oil used. A strong current of the hydrogen is passed through 
llu' niixture for two hours ^\hilc it is being continuously stirred and heated uj) to 
; I out 195°. 'J'he iodine value of the oil is reduced from 114 S to 02 1. 

(i. Asbestos IS impregnated with a solution containing equal parts of niikel 
nitrate (crystals) and eo])per nitrate (crystals) in such strength that tlie metal 
(ontents of asbestos and oxides, after their product on, amount to 20 ])er (-('nt 
of the combined weight of metal and carrier. Tlu* impregnated asbestos is dried 
and heated to convert the nitrates into oxides Seventy-five jiarts of (otlon- 
s(‘ed oil are mixed in an autoclave with 5.5 parts of the asbestos thus ])repar(‘d 
(the metal contents amounting to about 1 per cent, of the oil) the auto lave is closed 
and the mixture heated while Ixang wadi stirnal and hydrogen is jiassed through 
it at about 1S0° to 190°. The outlet, of tlie hyilrogiai is so regulated that the pia>s- 
sure in the autoclave is about 140 lb. After hall an hour the oil on cooling is 
(luite hard and practically converted into a saturated compound, the iodine value 
being reduced from lid to 2.7.* 

Dewar and Liebmann treat fats and oils with hydrogen f in the 
pix'sonet' of a catalyst distrihiitt'd ovt'r a mass of fibrous and cohenuit 
material or yarns or f;il)ri(*s made tlK'refrotn, and arranged so that 
tilx'rs wall not l)e(*om(‘ separated from one anot her. With this arrange- 
ment. the tedious operation of filtration is avoidi'd. 

The fibrous materiiil may consist of cotton, henij), flax, or jute, W'ool, silk, or 
similar natural organic fibrous materials, or even artificial silk, ('. g , viscosi' silk 
fn'cd from sulphur. Sponge also may he ii.'^ed. Separation of tlie fibers is pn‘- 
vented by eiudosmg the masses between screens of gauze or other suitable mat(*rial, 
or liy securing with wires or threads; or if yarns or fabrics arc usihI, these may 
be wound round or othorwu.se secured to the bhidcs of an agitator or to fixial 
siqijiorts. If strongly adherent masses of fibrous materials, such as cotton, silk 
or flax, or yarns or fabrics made thon'from, be used, the masses may be left, free 
to move in the liquid, but the jiroducts of hydrogenation are not so satisfactory. 
If nickel, cohalt, or copper is used as the catalyst, the oxide or carbonate of the 
metal is distributed on the support, and the catalyst, produced before or during 
the process of hydrogenation. In the case of the platinum group of metals, the 
catalyst is jirejiared by impregnating the materials with a })lat,inum or like salt 
solution and then treating with a hot alkaline solution of formaldehyde In 
examples, cotton or linen yarn, or bleached artificial silk yarn freed from siiljihur 
or asbestos cord is passed through a solution of nickel and copper eomiiound, and 
after scpieczing, treated wuth soda .solution and dried. The material is wound 
on a nickel gauze cylinder or on the blades of the agitator, and placed in an auto- 
clave with the oil. In another example, silk yarn, on which nickel and cot per 
carbonates were distributed as in the previous example, is wound on the plates 
of an agitator and waished, find, wuth water and then with i ickel acetate solu- 
tion and finally with waater t 

* S('(' C'uiKuliaii Patent, ITocIcr & Cambio Co., 17S,021, July 3. 1917; Chem. Ahs. 

12, us. 

t British Patent 15,6GS, June 80, 1914; J. S. (\ I.. 1915, 1102, Chern. Al)S. 1910, 
125. 

t U. S. Patent, 1,222, COS, Aug. 17, 1917- Canadian Patent, Procter & Gamble 
Co., 17.^,020, July 3, 1917. 
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A process of, and apparatus for, making lard substitute is proposed 
by Chisholm.* 

Ill Fis- 0 casing, mounted upon supports, is provided at the top with 
a pressure gauge 'iiid a gas outlet which may he s(‘t to discharge the gas at 
any desired pressure. Centrally and rotalahly mounted within the chamber is 
a catalyzing element, consisting of a sjuiol-like support wound with wire formed 
of or coated with a catalytic agent, the \\ound mass being siifhciently porous 



to permit of the passage of liquid and gas oitwiidlv theretl lough, the liquid 
and gas tending to follow the s[)iral course of the virc in its | us.^age outward. 
In the construction of the catalyzing element. No. 20 (opper wire with a rough 
black, unpolished electrolytic deposit of nickel theieon is used. Wire of nickel 
or palladium which has been roughened also may be employed. Within the 
spirally wound mass of wire is a central chamber with which there is rigidly 
connected an inlet pipe to provide hydrogen gas. A pipe on the opposite side 

♦U. S. Patents Nos. 1,113,151, Oct. 6. 1914; 1,114,963, Oct. 27, 1914; J. S. C. I., 1914, 
1062, 1168; CLem. Abs., 1914, 3828; 1915, 110. 
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supplies oil to the apparatus. The pipes are rotatably mounted within bearings 
secured upon oi)posite sides of the casing and the oil pipe is provided with a 
driving pulley A satisfactory size for the casing is 3 ft 6 in in diameter and 
6 in. thick with inlets at opposite sides of i in. The catalytic agent may have 
a diameter of 23 in. and a thickness of in., the inner chamber being a})prox- 
imately 3 in. in diameter. On being revolved, the catalyzing element moves 
the oil and .gas outwardly along t he lines of the spirally-wound wire. A tem- 
perature of 1()0° is employed Tlie hydrogen and oil may be introduced under 
pressure. The lard-like fat resulting from the treatment of cottonseed oil in 
this manner is collected in the lower part of the casing. 

Kimura * agitut-o.s an uii.saturatod fatty oil, a catalyst such as 
nick(‘l carbonate and hydrogiui gas in a v(u-t,i(^al cylind(3r e:i(d(]scd in 
a steam jacktd. 

A central v('rti(tal shaft carries an agitator comprising a framework, star-shaped 
in horizontal cross-section, each radial {)(»rtion being cov<*red by melallic nefling of 
nickel, platinum, iron, or silvcT The central shaft also carries a sup})orting spider 
for the s])indles of similar planet agitators which thus nwolve around the central 
agitator Each jilanet spindle carries a s])ur-wheel which (‘tigages with an internally 
tooth(‘d ring on th(‘ wall of the container. Hie central agitator cause's a centrifugal 
movement of the IkiukI outw’ards, and the rotation of the jilanet agitators causes 
an intimate mixing and subdivision 

An endeavor has been made by Rather and Reid t to determine the 
nature of the reaction between ethylene and hydrogen from the 
quantitative standpoint. The method employed for bringing aliout 
reaction differs from that of Sabatier and Senderens of passing a 
mixture of gas or vapor and hydrogen over n'duced nickel in a long 
tube. The method of Rather and Reid to a certain extent is a sort 
of combination of the Sabatier and Senderens method and the present 
method of hydrogenating non-volatile oils by agitating with a catalyst 
while bringing hydrogen into contact with the oil. 

Details of the experimental work carried out by Rather and Reid are given 
below : 

Preparation of the Catalyst. One hundred grams of infusorial earth were treated 
with a solution of fiO g. nickel nitrate, Ni(NO3)2-0H2O, in about 150 cc. water, 
and the resulting moist imms added to a strong water solution of 60 g. sodium 
carbonate, Na 2 CO 3 T 0 H 2 O, to preciiiitate the nickel as carbonate. The product 
was well washed and dried and the nickel carbonate reduced by heating, in a glass 
tube, just below red heat, in a current of pure dry hydrogen till no more water 
was formed, and cooled in a current of pure dry carbon dioxide. In order to 
standardize the catalyst, its activity was tried with cottonseed oil, 70 g. of the 
oil and 1 g. of the catalyst being treated with pure dry hydrogen at 180° in the 
ai)paratus described on p. 76. The iodine number of the oil was lowered, in 

* British Pat. 113,232, Aug. 31, 1917; J. S. C. I., 1918, 187. 
t J. Am. Chem. Soc., 1915, 2115. 
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sixty minutes’ treatment, from li;i7 to 110. I'Aperimeiit showed (hat tlic cat- 
alyst did not deteriorate apjireeiahly diiriiij^ (he (ime (hat each portion of it was 
in use. 

Temperature. In all of the expeiiments, the (emperature was maintained 
at 180°dbr by immersing the bulb of the reaction-tlask in an oil-bath, the tem- 
perature of which was maintained constant by an oil thermostat with mercury 
contacts, controlling a gas regulator 

Materials. 'Die ethylene was made according to method of Senderens and 
washed with Lodium hydroxide solution. 1 he hydrogen was from zinc and acid 
and was washed with alkaline potassium permanganate. As an inert medium, in 
which to suspend the cataly.st, melted jiarafhne was used. 

Procedure. The gas mixtures were picpared in ga.sometcrs, holding about 
24 1 , which were provided with an arrangen out for maintaining lu'arly constant 
pressure The same lot of the mixture w^as U'(‘d fo the whole series of experi- 
ments on any one proportion. Each mixture was analyzed for ethylene by the 
usual method wuth fuming sulphuric acid. 'I he mixture o gases was run through 
concentrated sulidiuric acid to dry it ami (hen into the naudion flask which con- 
taimal, in each experiment, 1 g. of the catalyst, and 70 g. of the paraffine. The 
stirrer was run at. H30() to 3500 r.p.m. In each case, time was allowed for the dis- 
placement of air from the apfiaratus and for the hot jiarafhne to come to equi- 
librium with the ethylene hydrogen, and ethane passing through it. ’ITe attain- 
ment of tins e(|Uilil)rium was shown by con.stancy in the analysis of the successive 
.samples of tlu' issuing ga.ses The amount of ethane in the jiroduct, which is the 
same as the percemtage of reduction of tlu' ethylene, was calculated by the following 
formula, in which is th(‘ [lercentage of ethyhme in the original mixture and 
E> is the percentage of ethylene in the jiroducts of the reaction. 

Ethane = 

100- A’, 

Fr(‘sh lots of catalyst and paraffine were used for each 24 1. of mixture. The rate 
of gas flow and th(^ composition of the original mixture are the only variables 
studied. 

Die results arc by no mean.s as regular as could be wished, and some are 
evidently out of relation to the others. They are not to be considered as final. 
The irregularities may depend on factors not as yet known or controlled. In 
Fig 40(’ the percentage of the ethylene reduceil is jilotted against th(' rate of flow. 
The interesting result is that, for all of the mixtures, about 70 p(*r cent of the 
ethylene is reduced when the rate of flow is 10 (;c. per minute. All of the results 
for the 10 per cent mixture arc n^gular and as would be exjiectcd. Those for 
mixtures containing higher jiercentages of ethylene are b} no means so regular 
and the curves are in uiiexjiected ndation.s to each other. Doubtless the deter- 
mining factor is soluljihty. The reaction is probably taking place lietween the 
c'thylene and the hydrogen that arc dissolved in the paraffine, fl'he mass law then 
holds for this solution and not for the gases that are not in solution. When the 
passage of the gas mixture is rapid, the gases are swept through before equilibrium 
can be established between the gas mixture and the solution. 

In Fig. 40/ the volume, in cc., of gases made to combine, per minute, is plotted 
against the rate of flow. As was to be expected, this amount increases with the 
amount of the gas mixture that is exposed to the action of the catalyst. The results 
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for the (lifTerent mixtures aro in tho oxpcct-ed order, those for the rate of 100 cc. 
per minute heing the most instructive. Under these circumstances, in the 50 
per cent mixture, 17 vv.. of hydrogen is made to (combine with 17 ce. of ethylene 
in one minute. Since the 1 g. of the catalyst, as prepared, cannot contain more 
than 0.1 g. nickel, the volume of this, considered as Ni, would be about 0.01 cc. 
or less. Hence the catalyst indu(*cs tLe reaction in 3400 times its own volume of 
the gas mixture in one minute. In the experiment with cottonseed oil, given above, 
th(‘ same amount of nickel caused tlie absorption of 4230 cc. of hydrogen or 423,000 
times its own volume of hydrogen in sixty minutes, or 7000 tim(;s its own volume 
in each minute. These volumes are calculated for a tcrnjierature of 0° and would 
be 67 per cent greater at ISO", at which the action really took place. The amount 
of hydrogen caused to combine with the oil is sev(‘nd tunes ns great as the amount 



/^ate of Gas Fiov^ in CC per minute Fate of Gas F/ow in cc per minute 


Fig. 40e. Fir:. 40/. 

combined with the ethylene, which is as would be anticipated, as tho concentra- 
tion of the ethylene in the paraffine is jirobably much smaller than the (loncentru- 
tion of the oleine in the oil, and the partial pressure of the hydrogen in th(‘ mix- 
ture is only half so great as in the pure hydrogen. However, the ’•esults are of 
the same order of magnitude. 

In the process of Asp Bock (see p. 49) of treating fats with hydrogen 
a porous metal in the form of plates or blocks, is used as a catalyzer. 
Either the hydrogen and fatty acids are allowed to pass in vapor 
form through the porous metal, or the oil is passed through the porous 
metal at the ordinary temperature and pressure while the hydrogen 
rises through the pores. These methods may be combined. The 
first method is preferred for fatty acids, the other for glycerides. * 

A hydrogenation process employing hydrogen under pressure is 
proposed by David, t according to which gas is forced into the lower 

*Chem. Abs., 1915, 868; Danish Patent 18,832, March 27, 1913. 
t J. S. C. I., 1915, 186; French Patent 470,392, June 14, 1913. 
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part of the first of a series of connected cylinders containing the 
mixture of melted fat and catalytic agent. The fat is intermittently 
projected upwards and falls from depending plates, preferably of 
nickel, into the current of gas, while a hot-air jacket maintains the 
temperature at 150° to 200° C. The hydrogen passes through several 
of the cylinders before being returned to the gas holder to be purified, 
compressed, and used again. 

Adam * secures intimate contact between the reacting materials 
in the catalytic hydrogenation of liquids, by bubbling the gas from 
a number of points into a body of liquid, coalescence of gas bubbles 
from adjacent delivery points being prevented by suitable partitions. 

A form of Adam’s apparatus is shown in Fi^. lOr/. 

In this apparatus a tall vessel a is j)rovi(ied with an assemblaKO of tubes 
h, supported by the supports c. These tubes are set closely together and are 
o[)en at both ends. They may be of any desired 
eros-sectional form, and although shown straight 
mav be sonu'what spirathal where increased con- 
tact IS d(‘sired. Beneath the tubes and at a little 
(list inc(‘ away is a gas manifold d connected to the 
gas supply duct c leading from tla^ upper part of 
the vesstd /, to t,he blower h. I'rom the; gas mani- 
fold nozzles k project in to the tubes h. (Jas is 
introduced at g. 

By aiipropriate choice of the relative diameter 
and height of the tulics, the number of nozzles 
to (aicli tube, and adjustment of the gas How, and 
of the height of the Iniuid supplied to the tubes 
the character of the contact can be varied from 
that, of a climbing film to that of a tall column of 
froth. 

The heating of the material can conveniently be 
effected by electric heaters immersed therein, and 
these may be formed, for instance, by insulating the 
tubes from each other at the top and bottom, and so converting them into a 
series of heating elements. 

In the Griiner process of bleaching and thickening oils and fats f electric 
currents are passed through the material in an acid atmosphere, the tension 
and frequency of the discharges l:>eing such that the mass is kept in vigorous 
motion. 

Roentgen rays have been suggested as an aid in hydrogenating 
fats. Wielgolaski % brings hydrogen into contact in various ways 
with fats or fatty acids while exposing tlie material to Roentgen rays. 

♦ J. S. C. I., 1914, 1226; British Patent 24,815, Oct. 31, 1913. 

t Holland Patent 1,142, Feb. 4, 1916; Chem. Abs., 1916, 1715. 

I Scifen Ztg., 1914, 1195; Norwegian Patent 24,528, 1913. 
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In one case * oils are passed through electrodes which have a porous 
filter-like form and are subjected to electrical action, t 

Experiments were performed by Custis i to ascertain if there would 
be an a(;celeration of the hydrogenation of oleic acid under the influence 
of the rays from an iron arc. The hydrogen was led into a quartz 
flask, which contained the oleic acid. A long air condenser was passed 
through the Htopi)CT with which the flask was supplied. An iron 
arc was plac(xl 1 .5 c(!ntiinetr(^s from the flask, and exposure was allowed 
to proceed for six hours. From the iodine numbers of the acid before 
and after treatment the conclusion was n^ached that there is no 
acceleration in the hydrogenation of oleic acid when hydrogen acts on 
the acid in the presenc^e of rays from an iron arc. undc'r ordinary 
conditions of temperature and pressure. Blank experiments showed an 
amount of saturation equivalent to that found in the exposed fatty acid. 

Charlton, § has devised apparatus by w'hicli saturation is effected 
in a closed rotating drum provided on its inner periphery with blades 
which break up the oil and bring it into intimate contact with hydro- 
gen. The gas is introduced under pressure through a flexible tube 
and a reducing valve from a cyliiide;r attached to the drum and moving 
with it. Stt^am is admitted to an outer casing of the drum through 
a passage in one of the trunnions and es(;apes through the other trun- 
nion. The drum is preferably made to rotate nearly a complete 
revolution alternately in opposite directions. 

An apparatus is described by Verona Rinati || for the hydrogenation 
of oils, in which palladium precipitated on small pieces of coke is used 
as a catalyst. 

The eatalytie material is placed on a movable support kept in motion by a 
rotating spindle connected by gearing with a pulley outside the reaction chamber. 
Oil which has previously been heated is sprayed into the upper part of the 
chamber by means of hydrogen under pressure, and a i)ressure of about two 
atmospheres is maintained inside the chamber. Three reaction chambers are 
provided and the oil may be withdrawn after one, two, or three treatments, 
according to the degree of hydrogenation desired. The hydrogen is obtained 
from water-gas by the Frank-Linde-Caro process of refrigeration, and all the 
excess coming from the reaction chambers is ndurned to the refrigerating appa- 
ratus for purification. When the catalyst loses its activity, it is washed in the 
apparatus with an inert solvent (benzine), the last traces of the latter arc 
expelled by a current of steam, and the palladium is again rendered active by 

♦Norwoiiian Patoni No. 2.5,009. 

t A full description is Riven in Seifen Ztg., 1915, 73. 

t J. Frank. Inst., 1917, SSO. 

§J. S. C. I., 1915, 289; British Patent 1,410, Jan. 19, 1914. 

II Annali Chim. Appl., 1914, 2 , 99-105; J. S. C. I., 1914, 1061, Chem. Abs., 
1914, 3723. 
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rcatment with hydrogrn nt not ahovo l.'SO'" C. Palladium possesses the advan- 
age of being active at a considerably lower tenipenitun' than nickel (e.g., at 
;0" to 90" C.). 

At the Vereinigte Chem. Werke at Charlottcnbcrg, according to 
'olletas * hydrogenation of oils is effected at 100^ C., under /i pressure 
if 2 to 3 atmospheres by means of 0.00002 part of palladium chloride 
11 the presence of an alkali. The loss of catalytic agent is frt)m 5 to 
per cent of the weight taken, which corresponds to an expense of 
.00 francs per 100 kilos of fat. 

A simple and effective method of treating oils containing Oriely- 
lividcd catalyzer with hydrogen is described by the author f accurd- 




Fig. 40i. 



ig to which the oil and catalyzer is exposed to an ascending current 
f the gas. The oil and catalyzer mixture is caused to circulate in 
direct::;!! approximately transverse to the direction of flow of the 
trearn of hydrogen. 

Apparatus for the purpose is shown in Fig. 40h. A treating tank is equippc'd 
ith a shaft, carrying mixing blades. • Hydrogen is entered by a pipe at the 
)ttom and passes out of the apparatus by an exit pipe at the top. The bell- 
taped affairs on the shaft may be used for the purpose of intercepting the 
Dward flow of the gas, permitting of a longer period of contact. The tank is 
led with oil containing catalyzer, finely-divided nickel from niitkel carbonyl 
‘ing suitable for this purpose. The stirring apparatus is put in motion and 
^drogen introduced. The oil hardens very satisfactorily by this treatment. 

♦Les Mati^res Grasses. 1914, 7 , 4151; J. S. C. I., 1914, 972. 
t U. S. Patent 1,095,144, April 28, 1914. 
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Humphreys * hydropienates oil with an apparatus consisting of a 
closed chamber (Fig. 40/) having within it slightly inclined, sup- 
porting plates, one above the other, and successively discharging at 
their lower edges onto the upper portions of the next succeeding 
plat(? with means at the bottom of the chamber for collecting the 
material being actc'd upon and delivering to a pump which conveys 
it back to the top of the chamber to complete the path of circirat.on. 

Mandelstam f hardens oil by a combined spraying and bubbling 

method employing appaiatus 
as shown in I^'ig. T)/. A c losed 
tank heated by a steam coil 
is two-thirds tilled vith oil 
carrying a c'atalyzer in sus- 
pension. The pumi)s Hiown 
on either side of the tank 
withdraw the oil and ( atjilyzer 
mixture from tlu' lowc'r part 
and spray it into tlu' gas space 
in the upjier part c f lhc‘ tank. 
Hydrogc'u is aduiitlcd by the 
pipe shown in the middle of the top of the' apparatus and is forced 
into the oil at various places in the tank by means of sprayers or 
distributing devices. 

An interesting system of hydrogenating oils is described by Mcore.J 
The oil is fed in a c'oiitinuous stream into the upper yiortion of a clceed 
chamber, where it meets a blast of hydrogen and is atomizc’d. The 
chamber is provided with a pervious filtering diaphragm containing a 
catalyzer, and the mixture of oil and hydrogen in excess pc'iic'trates the 
diaphragm into contact with the catalyzer whereupon the oil is satu- 
rated, and the hydrogenated oil and the excess of hydrogen pass into 
the lower portion of the chamber. 

The excess hydrogen may then be freed of oil and re-used, and the hydro- 
genated product withdrawn in a continuous stream. To secure the greatest 
possible active surface, the catalyzer consists of a layer of finely-divided or 
pulverulent material confined between layers of filtering material. It is stated 
to be difficult to force a large body of oil through such powdery mass, but, 
when the oil is atomized, it may be forced therethrough without difficulty if 
the pressure be sufficient. 

Moore finds that proper results cannot be obtained after the particles of the 

*U. S. Patent No. 1,100,735, June 23, 1914. 

t J. S. C. 1., 1914, 1102; U. S. Patent 1,114,623, October, 20, 1914 

tU. S. Patent No. 1,121,860, December 22, 1914; 1,184,480, May 23, 1916; 

J. S. C. I., 1916, 144. Canadian Patent 172,839, Oct. 31, 1916. 
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catalyzer hecomc ro^^orcd with films of oil, for the reason that flic hydrogen 
is iinal)Ie to obtain access thendo, and hence he jirovides for cleaning the cat- 
alyzer of the oil and thereby ri'vivifying the former. 1'his is accomplished by 
causing the constant passage of hydrogen through the catalyzer, and also by 
arranging the nozzles for the oil and hydrogen in sucli manner and so moving 
them that tlie spray is directed progrt'ssively toward restricted areas of the mass 
of catalyzi'r. Hence, through that ])ortion of the catalyzer which at*th(‘ moment 
is not receiving the spray, hydrogen is iiassing through in sucli ([iiantities and 
at such velocity as to blow off or remove the films or coatings of oil whu-li 



enclose the particles. Thus each restricted portion of tin* catalyzer first receives 
the mixture of oil and hydrogen, and is tlien freed of the oil, (*ithcr as such 
or in saturated or partially saturated condition. By this jirocedure the (juantity 
of oil which any one portion of the diaphragm and the catalyzer is receiving 
is relatively small, and the oil is so broken up and mixed with the hydrogen 
that it is readily (iarried through the catalyzer Ixid, and hydrogenated instan- 
taneously, so it is claimed. By regulating the oil supply, the degree of solidity 
of the hydrogenated product is adjusted to any predetermined point, according 
to the use for which it is intended. 
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Jn 40/.-, an apparatus is shown consisting of a, c.as<-motal r.^sing forming 
(I cylindrical chamlu'r, transversely divided liy a filter diajihragin containing the 
catalyzer. The diaphragm consists of a iierforated jilatn, upon which rests 
ii la,yt‘r of wire (doth, jMX'ferably about 100 mesh. Uixm thi5 wire cloth is a 
thin layer of suitable ini^rt material, such as a matt, of asb(\stos fiber. Upon 
the layer of asbestos is a thin layer of the catalyzer, and upon this is placed 
another layer 'of asbestos. The oil and hydrogen are introduced into the upper 
( ornpartment through down-turned nozzles. These nozzles are so lof^ated that 
the blast of hydrogen, traveling at high velocity, impinges upon the stream of 
oil fl( 3 wing from the nozzle and atoiizes the latter, directing the spray across 
the surface of the diaphragm. The nozzles revolve and thus direct the sju’ay 
progr(\ssively in a circle over the (uitire surface of the diaphragm. 

The Moore process of hydrogenation used at the plant of the Berlin 
Mills r'ompany, Berlin, N. H., is discussed by Hendricks,* who 
states that, the plant is of a very highly devi'loped seini-cominercial 
nature with a capacity if 30,000 pounds daily. 

The Ney process of hydrogenation is carried out with the a])para- 
tus in Tig. 401 . 

In dt'seribing his proc^ess Ney ob.serves that the geiK'rally accepted iheory for 
the exiilanation of catal\'t.ic reactions is the formation of certain instable mter- 
m(‘diate compounds of the catalyst with one or more of th(‘ reagents. In tli(> 
instanc(‘ of the catalvhts, like nickid, the formation and decomposition alternate 
of a nickel-hydrogen com])ound or hydride is hy|)oth(‘t Uially {in'snuK'd It is 

immaterial for th(‘ jmrpose of the 
[iresent consideration whether the.se 
hydrides are sta])l(‘ for any length of 
tune und(‘r ci'rtain conditions or 
whether tluy alw’ays instantaneou.sly 
are formed, decom|K)se and are n*- 
formed. In the technical application 
Ficj. 40/, of catalytic, refluctiori the fact alone 

is of import.aiK’e that under certain 
f:ivorabh‘ conditions th(! formation of the hydride takes jdace and siibscapumtly 
an exchange or transf(‘r of the hydrogen atom from the hydride to tlie organic 
body. In (*onsidering the dynamic.s of this rea(‘tion it is apparent that the 
hydrogenation of organic Ixidies must take place in a series ot distinct jihases. 
When the organic body first, comes in contact wath prejiared catalyst in the 
jiriiseiHC of hydrogen, an instantaneous transler of the stock of hydrogen already 
present in tlu' catalyst takes jilace. Subsecpiently if the catalyst is again ex- 
posed to the inlluence of a fresh supply of hydrijgen, a reformation or regimera- 
tion of hydride follow^s, followed by a renewed transfer of hydrogen t,o fresh 
material until all unsaturated bodies have become saturated ones. It is, however; 
clear that this is only the ciuse if the catalyzer is ]icrmanently kept free of the 
organic material or w'here the organic liody can lie maintained in form of a 
true vapor or gas under the condition.s of hydrogenation. 

In case of organic mat^irial incapable of being transformed into the vaporous 



*J. Ind. Eng. Uhem., 0, 795. 
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to gjiscons siato, oritirely different eonditions prevail. When tlie material, such 
as a mixture of the glycerides, of unsaturated fatty acids meet first the cat- 
alyzer, (he first of the alH.)ve mentioned phases takes place, llowc'ver, as the 
liydrog('uated material and the excess of the original product keep on flowing 
over the catalyzer or reaching it in some other way, these bodies are not imme- 
diately removed as in case of a true vapor or gas but rather on account of 
certain physical i)ro]3erties as viscosity, surface adhesion and capiflary ('iiergy, 
adhere strongly and tenaiaously to the (jatalyst or its carrier, thus preventing 
or greatly imjieding the reformation of the hydride due to the sealing up of 
th(^ surfaces of the catalyst and preventing the access of the hydrogen to it. 

In Ney’s process catalyzer is f)laced in baskets mounted on a shaft arranged 
to rotate in a chamber containing hydrogen. Oil is atomized in the chamber 
liy means of the atomizi'rs shown on the right of the illustration, and the 
“oil-fog” produced impinges on the catalyzer. Owing to the relatively slight 
centrifugal force exerted upon the oil-fog, its fienetrative properties are inher- 
('utly good, while as coagulation of the oil occurs so that a concrete drop or 
particle is jiroduccul, tlu'u centrifugal action manife.sts itself and the concrete oil 
partich' is ejecteil from the baskid. or drum. Hence it follows that while the 
catalyzi'r is frei'ly in contact with the fog partick's in the presence of the hydro- 
g(‘U gas, the discrete or (‘omac'te partich's of oil are removed from its surfaces 
by centrifugal action, and theri'by th(‘ catalyzer is rc'vivified or prevented from 
Ix'coniing seah'd awav from the hydiogem gas, and its action upon th(‘ oil is 
constant and effcictivi^ dims, the reformation of the hydride- (or other action 
produced by the contact of th(‘ catalyzer and hydrogen), is (ontmually in prog- 
rc'ss A catalyzer of substantially constant hydrogen (or hydride;) c’ontent is 
secured.* 

In Maryott’s process f fats or fatty aedds an' dissolved in some 
fat solvent, such as alcohol, ace'toiie', eth(*r, pe'troh'uin ether, ben- 
zene, chloroform, carbon disulphide, carbon tetrachloridt', or other 
fat solvtmt and the fat or fatty acid, while' in the' seilve'nt, is subjeedeel 
to the' action eif hyelrogen in the ])re'se'ne'e e)f seiine^ e^atalyzer, prederably 
palladium. 

It is not nee‘e;ssary (hat the' fatty substance 1 k' completely dissolved in the; 
solvent, for triolein, for instance, in ale-ohol at a tc'inperature be'low that at 
winch it IS e'ompletely .soluble, is readily reduced in the ])re*sence eif tinely- 
divide'd palladium. In general, a sedutiem cemtaining abe>ut 25 to 50 per e;ent 
of fat is iirefe'rable. 

The preicess c.'in be e;arrie'd out in a reae-tiem e'hambe'r provided with an agi- 
tateir anel sniiuble; means for regulating the temperature anel gas pre'ssure. 'Fhc 
solutiein eif the' fat or fatty acid in the; fat .seilvent e-ontaining in susiiensiein the; 
catalyzer, jireferably depeisited on some finely-elivideel material as asbe'stos, is 
introelue'ed into the chamber, anel kefit agitated to insure a unilorm mixing 
with the eaitalyze'r. while; the tompe*rature; is suitably re;gulated, anel the; hydro- 
gen condueiteel into the e-hambe'r uneler appreipriate prexssure. While the unsat- 
urated fatty bodies, when elisse>lve*el, for instance, in ale'eihol or acetone, are 


*U. S. Patent No. 1,185,704, June G, lOlG. 
fU. S. Patent No. 1,007,450, May 10, 1914. 
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hydrof^cnizod in tiio i>r('S!*nr(‘ of fincly-divid(Ml palladium at room iomppraturo 
und 'r aftnosplipiic ])r(‘.ssur(‘, a liif!,lj(T tpiiii)pratiirp and a grpator j)rpssiirp favor 
the reduction After tlie reduction lias proceed(‘d sufficicuitly far, as shown by 
tests of samples withdrawn, th(‘ mixture is removed from tlu' reaction chamber, 
the catalyzi^r se|)ara,ted by filtration, and the solvent distilled off eitlu'r at atrnos- 
])heric jiressure or at riiduced pressure, or without distilling off the solvent tlu' 
redu(;ed fatty sulistance may be lurgity removed by cooling and filtering off the 
separated fat . 

Instead of agitating the solution of the fat, or fatty acid in tlie ri'action 
chamber, the solution contamiiig the suspended catalyzer can be sjiiayed by 
means of an atomizer into a c.hamber of hydrogim, and afti'r sufficient action 
the mixture can be treated as above for the removal of the catalyzer and the 
solvent. 



The influence of the solvent in facilitating the action of the hydrogen on the 
fat or fatty acid in solution might, find an explanation according to Maryott,, 
in the better opjiortunity afforded for the freer diffusion of the reacting sub- 
stances. Maryott states that benzene, gasoline, and ether are solvents which 
greatly increase the speed of the reaction. 

According to the de Jahn process,* oil is agitated with hydrogen 
in one vessel and then passed through a second vessel containing the 
catalyst. The circulation of the fat is continued until hydrogenation 
is complete. The apparatus used by de Jahn is shown in FYg. 40 nf, 
♦ U. S. Patent No. 1,131,339, March 9, 1915; J. S. C. I., 1915, 434. 
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the asibitinp; vessel apjx'Mriiip; on Iho right, and (Ik' ratalyzor cliainlxT 
on the left of the illustration. 

The eaialyzer, which may consist of cohall, palladium, or nickel, is 
carried in thin layers on an inert miiterial, such as porous hiirnt clay 
lumps or pumice stone. 

Various forms of apparatus arc employed l)y Oalverl,"^ one of which is shown in 
Fif>: 40//, and consists of a gas-tight mclosure comprising a commingling chumher /;, 
a motor chamber /, and a pipe d connecting the two. d'he luiuid to be treated 
such as oil, IS placi'd m th(‘ commingling chamixu- a d'he commingling means 
i< m tlu' iorm of stirnu- blades r mounted on a shaft (f, A\hich passes through 
till' pipe d and is driven by a motor / locati'd within the motor chamber c. 
In till' case of thi' hydrogi 'nation of oils / is pri'leiabfv a motor of thi' induction 



type so as to avoid sparking. The gas which is to be commingled with the oil 
is supplied to the gas-tight inclo.sure by a ])ipe r/ which for instance may be 
con/iccted to the motor chamber r, the gas passing from the chamber through 
the j)ipe d into the commingling chamber a. In the hydrogenation of oils this 
jiressure is sometimes fairly high and hence the great difficulty associated wath 
the iirevention of leakage if the stirring mechanism for the shaft b passes through 
a stuffing gland. In the apparatus of ("alvert there are no packing glands for any 
moving jiarts ])assing through tlic walls of the ga.s-tight mclosure and conseijuently 
hydrogen cannot leak from the interior of the vi'ssel. In order to prevent vapor 
rising to the motor chamfier c and to maintain this chamber fairly cool, a jacket i 
through which water circulates may be arranged on the connecting jiipe d. The 
finished product is removed from the commingling chamber a by a pipe /c. 

Another form of the apparatus, Fig. 40e, has stirrers driven by an electro- 
magnet placed outside of the hydrogenation chamber. Tin rotation of the shaft 
*U. S. Patent No. 1,123,092, Dec. 29, 1914. 
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(*;irryiii(i flic niiiKticI flic slirri'rH ImskIc flic cliiiiiilicr iii’i' iirliiiilcil li_\ iiinf^ctic 
Hcl.ion. 

M(‘cliaiiiciil aKitaiiion of iho oata,lys(. is by Walter/' through 

the appliciitioii of a inagnoti(^ ti(^ld. If tlie (‘aialysl iisoll is not mag- 
netic it isi siipport(‘(l on a magnc'tic body. By rapidly making and 
breaking the cii’cuit forming the magnetic field, fresh parts of the 
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catalyst can continually be brought into contact with the reacting 
substances and the catalyst can be moved to different parts of the 
apparatus. For reactions with gases the catalyst is supported pref- 
erably on nets or perforated plates and a magnetic field is maintaiiu'd 
pei’inanently near the outlet to (;ause the settling of any mab'rial 
cari’ied along by the gas. t 

By another method proposed by Calvert J a mixture of oil and 

♦Gorman Patont No. 295,507, .April 20, 1913; J. C'hcm. Soo lOlS, Abs., ii, ir)3. 
f Soo also Froncli Patont to Waltor, No. 471, lOH, Octobor 15, 1014. 
t J. S. C. I. 1915, 434; British Patent 5907, March 9, 1914; U. S. Patont 1,142,GCS, 
June 8 , 1915. 
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catalyst is tr(‘a(cd vvith hydrogen in a closed vessel containing a rotating 
coinb-sliaped agitator siinounded by a stationary gauze screen, which 
finely subdivid(\s the oil, while a centrifugal propeller at the base 
flings the mixture upwards to be beaten and subdivided again. 

Calvert, claims that improved results are obtained when, m addition to pn'S- 
sure, there arc repeated shocks or impacts ap])hed to the oil under jiressure. 
Such a shock, it is alle^^ed, cannot be applied readily bv ai<l of a spray 

'The oil is hydrogenated by subjecting a hot mixture of oil and catalyst un(K;r 
jiressure and in tiie presence of hydrogen to such repi'ated mechanical shocks or 
un),):i(‘ts 'This may be eITteted by means of rotary Ixaiters In treating oil for 
edible use, it is unnorl int to avoid deconifiosition of the fat and (\alvert states 
this can best, l.'e done b\ employing higii pre.^sures of hydrogen, as such high 
pressures not oiilv pre\ent decomposition, but they also facilitate the absopition 
of hydrogen by the fat. l^re.ssures uj) to and above 250 lb. per sijuare inch are 
used. 



The mixture of oil and catalyst is supiilied to a closed container. Fig, 40p, 
of spherical form to witlntand the high pressures employed, and fitted with a 
commingling device which imparts shocks or impacts to the oil and catalyst. 
This device consists of a propcdlcr at the base and rotary agitators above, in 
the form of a comb. Tliese rotary or moving ])arts are mounted on a shaft 
which is driven by a motor inclo.sed in a casing over the spherical container. 

The temperature of operation is chosen w’th regard to the kind of oil to be 
treated It will be found on trial,, ('alvert stat<>s, that there is a compar- 
atively small range of temperature at which absorption is most active. 1'he 
curve showing the rate of absorption and the temperature follows jiractieally 
in a straight line till a certain iioiiit is reached, when it ceases to have an 
upward inclination and pas.ses over into a substantially horizontal line. This 
curve is indicated in Fig. 40</, which is the approximate (‘urve for fish oil. 
The rate of absorption, as stated, is also increased with the jiressure and espe- 
cially in the case of vegetable oils intended for food purposes the jire-ssure should 
be high to prevent decomjiosition. In the litter ciisc the pressure should bo 
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above 250 lb. per aciuarc inch, and may be as high as 500 lb. to 600 lb. i)er 
square inch. Wliale oil ha.s been deodorized in twenty minutes, and hydro- 
genated to a hard fat m fifty-five minutes with the Calvert apparatus. The 
approacdi of the point of saturation can be readily ascertained by observing 
the absorjition of the hydrogen by a suitable gauge on the hydrogen supply 
pijie. With tills afijiaratus tliere is little likelihood of leakage of hydrogen so 
that the gauge gives a correct indication of the rate of alisorjition. 

Pictet * hydrogenates oil by causing it to flow by gravitation, with 
or without the addition of a catalyst, tlirough a series of cotninu- 
nicating tulies tiie walls of which arc composed of a cataljdic nu'tal. 
The inner surface of the walls of the tulies is submitti'd to a jireliminary 
in'atnient to increase the catalytic activity of the metal. Hydrogen 
is intiodiiced into the tulx's, and the oil is ‘subdivided by rotating 
devices, which constantly brush against the inner walls. 



Details of the apparatus f of Birkeland and Devik (see p. 36) 
are shown in the accompanying illustration. Fig. 4()r is a hydro- 
genating apparatus shown in section. Birkeland and Devik state 
tliat when an efficient catalyzer, for instance pyrophoric^ nickel, and 
a good oil is employed, the hardening will be effected in from one-half 
to one hour. 

They observe that it is advantageous to employ injectors which are so con- 
structed tliat the shape or thickness of the oil jot may be altered, because 
such alterations during the working have proved to be necessary in order to 
obtain at each moment the best jiossible atomization and distribution of the 
gas in the liquid. To obtain this a member adjustable from the outside may 
may be provided in the injector. The oil is introduced into the vessel 11 through 
adju.stable injector nozzles 12, so as to produce a mixture of the very hot oil 
with hydrogen, d’his milky-white mixture, in which the bubbles of hydrogen 
are too small to be observed with the naked eye, is then introduced through 

♦ J. S. C. I., 1915, 434; French Patent No. 472,080, July 24, 1913. 
t U. S. Patent No. 1,125,259, Jan. 19, 1915. See also Nos. 1,271,575 and l,271,5T(i 
iseued July 9, 1918 to Ittner. 
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a reJuction valve, 13, into a larger vessel, 14. Birkcland and Devik claim to 
have found that under this expansion the intimate mixture of oil and hydrogen 
givei off malodorous volatile substances which may be condensed and washed 
out by passing the gas through a condensation and washing apparatus, 15. 
This is stated to have the advantage of eliminating several substances (volatile 
amines, water, etc.) before the addition of the catalyzer so that on the one 
hand an unnecessary inactivation of th<‘ cjitalyzer is obviated, while on the 
otiier hand hydrogen is con.sumed only for tin* puriiose of hardening the oil 
irself and not for the hydrogenation of the volatile bodies. The hydrogen gas, 
after having passed through the vessel, 14, and having thereupon been puri- 
fied, IS then again compressed and brought into circulation anew by being intro- 
duced into tlie hydrogen sjiace, IS. When the oil has in this manner been 
freed from various malodorous volatile substances the hartlening process may 
be startel by adding the catalyzer to the oil. During the hardening operation 
the same ciiaMil ition as before described may be maintained or the inlet to the 
expansion tank may be (dosed and the oil maintained in circulation only through 
the iiressurc vessel, 11. 

Some details of Utescher’s process (see page 33) are found in U. S. 
Patent 1,124,560, Jan. 12, 1915, v^hcre the observation appears that 
it has already been propos(‘d to render fish or train oil odorless by 
subjecting the oil which is maintained in motion, to the action of 
silent electrical dis(;hargcs in the presence of hydrogen. 

By this means the fish or train oil is at the same time hardened, as the 
glycerides of unsaturatod fatty acids are saturated by combining with hydrogen, 
and as particulirlv the glycerides of oleic acid are partly (converted into glycer- 
ides of stearic a(!id. Further it has been proposed to convert unsaturated fatty 
acids or their glycerides into saturated compounds, by treating the fatty sub- 
stances with hydrogen in the presence of a finely-divided contact metal oi 
catalytic agent, such as finely-divided nickel or finely-divided platinum metals, 
and that it is his olijec^t to combine those two processes, 

According to lltcschcr the silent ele(4,ric,al discharge is chiefly used for main- 
taining the catalytic or contact sulistance permmmithf active and for consid- 
erably increasing its activity. The fatty substances are either mixed with the 
finely-divided catalytic agent or contact substance and are then exposed in the 
usual maimer in the form of a thin layer, to the action of silent electrical 
discharges in suitable apparatus, or plates of the contact metal or contact sub- 
stance arc arranged in a suitable manner in the apparatus, in which the silent 
electrical discharges take place. The rays of the silent electrical discharges are 
preferably allowed to impinge the surface of the contact substance or catalytic 
agent. 

In carrying the process into effect, apparatus of the type in which the dis- 
charge itself is jirevented from coming into direct contact with the fatty sub- 
stances, so that solely the chemi(!ally-activc rays of the silent discharges come 
into action may be employed; for instance Utescher states, the mercury lamp 
may be used The rays from such a source are allowed to impinge on the 
surface of the contact substance. By means of this combined process Utescher 
declares it is possible to effect combination with the hydrogen, while the com- 
bined effect exceeds the effect of the total of the two agents acting separately. 
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The process renders it possible to effect the saturation of the iinsaturated fatty 
acids and their glycerides, without mixing fincly-dividetl contact metal therewith, 
so that the exi)ense incurred by the recovery of the contact metal from the 
oil and by the regeneration of the contact substance is saved. When using 
metal plates in carrying out the jiroccss it is sufficient to heat the plates from 
time to time. The process may also be carried into effect liy coating the glass 
tubes in which the silent discharge t,akcs place with a thin layer of contact 
metal and by arranging jilates of contact metal in the reaction space 

The action of the electric rays on contact metals is such that catalyzers are 
said to retain an increased activity even after the oil treatment rendering it 
po-isible to also carry the process into effect, by first subjecting the metal to 
the action of elofd.ric rays and by using the thus prepared metal as a contact 
siilistance during the treatment of the oil with liydrogen. 

In order to render the metal active it is siilijected to a cathode atomization 
treatment in an atmos[)here of hydrogen. The method of procedure is as fol- 
lows: the metal plate which is to .serve as contact sulistance or catalytic agent 
13 irsed as cathode in the atomization process. A pm of metal is used as anode 
The chamber is first evacuated, whereupon hydrogen which has previously l)een 
carefully dried is introducetl. The electric current is then pas.sed through while 
at the same time a continuo is alow stream of hydrogen traverses the apiiaratus. 
During the evacuation care must be taken that no traces of oil or fat vapor 
penetrate into the vessel, as these would deposit on the metal and cause thf- 
ficulties. As by tliis treatment a high chemical activity is .sa d to be imjiarted 
to the metal, air must not be allowed to enter the vessel immediately after the 
completion of the atomizing operation as this might cause oxy-hydrogen gas 
explosions. The hydrogen must first of all be displaced by nitrogen. As soon 
as the activity of the metal has di.sappcared, afti'r having burnt off the fat, 
it need only be subjected to a renewed treatment as above. 

Walker * claims the combined application of a high-tension elec- 
trical discharge and catalytic material in the hydrogenation of oils. 

According to his method a receptacle is provided containing a hollow mctfdlio 
plate which is oapal)le of being heaf,ed, on which plate the catalytic agent is 
supported. Niidad or nickel oxide is recommended as catalytic material. The 
hollow plate also serves as an electrode. Near this electrode is mounted a .second 
electrode. Oil is projected again.st the heated plate by means of hydrogen 
acting as an atomizing agent, the finely-divided oil particles being allowed to 
impinge upon the heated plate while an electrical discharge is maintained be- 
tween the electrodes. Referring to Fig. 406-, 1 is the receptacle and 2 the hollow 
metallic jilate provided with an inlet pipe 3 and an outlet pipe 4 by means of 
which superheated steam is pa-ssed through the hollow^ plate The plates 5, 5', 
together constitute a compound terminal electrode cooperating with the electrode 
2. 6 is a source of high-tension current. One of the leads 7 from this sour(,‘e 
connects with the electrodes 5, fi', while the other lead 8 connects with the 
hollow plate 2. An injector 10 is maintained at 9 in the w^alls of tlic receptacle, 
liy means of this injector, hydrogen and oil under liigh ]iressure is caused to 
impinge upon the plate 2, contacting with the finely-divided catalytic agent. 
The latter may l>e supported by means of channels or corrugations in the face 
♦ Chem. Abs. 1915, 729; U. S. Patent No. 1,123,962. January 5, 1915. 
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of tho p]af,o. The hiKh-ionsion oloctrin.'il clk^hargc passes from one ele trode 
ineniher to the other, through the space fjetween the elcotrotles, acting on tlie 
hydrogen and finely-divided oil traversing this space. Walker claims that 
OMctioii r(*sults thiough the conihined inlliience of the electrical discharge and 
the catal\ tu* agent It is stated by WalkcT that hydrogenated oil is secured in 
this inanncr, without tiie injurious results which often follow from subjecting 
od to ‘‘ the extended aj)]ducation of heat.’' 

McElroy* doscribes a process of hydrogenating oils with apparatus 
shown in Figs. 40/ and 40//, as follows: 

A tank is provided with a steam-heating coil and hydrogen inlets 
and outlets. In the top, on the right-hand side, is an oil-charging 



pipe. On the top is situated a housing containing a pump or blower, 
the latter being arranged to draw in hydrogen from a point just below 
the top of the tank and to propel it to the bottom. The hydrogen 
discharges at that point through a revolving distributer shown in 
Fig. 40//. There is a pressure-equalizing opening in the housing floor. 
The tank is filled with oil to the level indicated. A screen is placed 
above the oil-level to serve to break up bubbles or foam. Nickel 
on pumice or coke is suspended in the oil and the contents of the 
tank are raised to 150° to 200° C. A pressure of hydrogen of five 
or six atmospheres is attained and the gas is caused to circulate from 
top to bottom by means of the blower in tlie housing. The discharge 
of hydrogen through the distributer causes the latter to rotate and 
sweep the bottom free of catalyzer. 

*U. S. Patent No. 1,157,993, Octol>er 26, 1915. ' 



f6 TflE HYDROCiENATION OF OILS 

In a hydropicnation system involving the bubbling of hydrogen 
gas through a body of oil oarrying catalytic; material in suspension, 
the hydrogcui may be transferred from one gas-holder to another, 
passing through the oil, while undergoing such transference, accoiding 
to Ellis.* Jn order to secure a better utilization of tlic hydrogen, it 
may be preheated by passing through a heat intercLanger through 
which hot hydrogen issuing from the converter is conveyed. 



Fig. 40/. 

An apparatus has been devised by E. Emmet Reid f and used for 
the study of catalytic hydrogenation, but may serve for the study 
of any reaction in which a gas is to be brought into intimate contact 
with a liquid under constant conditions. The problem is to intro- 
duce a high-speed stirrer, inlet and outlet tubes, and, possibly, a 
sampling tube through a comparatively small stopper and to render 
the whole gas-tight for both increased and reduced pressure. The 
apparatus is shown in the sketch in section, Fig. iOv, 


*U. S. Patent No. 1,247,095, November 20, 1917. 
t J. Am. Chem. Soc., 1915, 2112. 
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The bearing, AC\ is made of two pieces of steel rod, Ali, ;ind BC, 0.5 and 1.6 
in. long, respectively, both of the.se have a {-in. hole drilled longitudinally 
through them, then the longer one is drilled out to a size of shout for most of 
its length, i.e , from B to I). The shorter piece i.s turned down for half its 
length till it fits cIom'Iv into the other, so that a double bearing is formed, with 
an enlarged cavity m the central portion. The two parts are as.'-cirhled and 
channels about A hy A hi. are cut in opposite sides as shovn at ./ and K in 
cros.s-.section in Fig. 4()/r. Care must be taken that the channels do not cut 
through the walls of the cavity. The bra.ss tubes that are used for the 
gas inlet and outlet IuIjc.s are laid in these channels which are then filled with 



Fig. 40?/. 




Fig. 4(h/). 


Fig. 40 



.solder, the solder more than filling the channels. The excess of solder is turned 
oil in the lathe so that the whole is a perfect cylinder externally and adapted to 
make a tight joint when passed through a cork. 

The stirrers may be of any suitable form, but the Witt centrifugal stirrer 
shown is one of the best, as when run at high speed, it effects very thorough 
mixing. The stirrer may be made of glass and fastened to the shaft by a bit 
of wire which passes through a hole in the shaft and through holes in the 
stirrer. The shaft, S, is of ^-in. drill rod and carries a pulley of suitable size. 
The inlet and outlet tubes arc bent as shown and carry enlargements so as to 
make convenient joints with nibber tubing. 

The bearing passes through a hole in a 0.5-in. rod, F, and is held in place 
by a set screw, G. This rod is conveniently clamped to a laboratory iron stand. 

To assemble the apparatus, the shaft is pushed a short distance into the 
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*U. S. Patent No. 1,247,095, November 20, 1917. 
t J. Am. Chem. Soc., 1915, 2112. 
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wc'll as (“arl)on nK)iK)\i(l(‘. Owiiip; <0 llu' (‘voluliou of carhoii dioxid*' or carbon 
monoxide or holh, eonsidt'rnble i>r(‘ssur(‘s are {generated. 

Hif 2 :f>;ins snp:f>:('sls tlie following 

1. Niek(‘l formate as the rednemfj; a^(>n1 and (fie catalyst 2. Zinc formate 
as (he reducin^r a^ent togidher with a known catalyst. ;h Zinc formate as tlie 
ivducmg agent admi.xed with palladium chloride which under the conditions of 
working is convi'rted into a catalytic substance by the action of the zinc formate. 

The luxating must be conducted with care, as local superheating may cause 
spontaneous formation of oxalate from the formate and is liable to produce 
explosion For this reason the apparatus must b(‘ provided with necessary safety 
devices 

The reaction can be conducted jiractically fiuantitatively, but for commercial 
purposes an e.xcess of tlu' n'agent ovm- tlu' theoretical amount necessary is pref- 
erably (uniiloyed. The materials taking part in th(‘ adion ‘lould b(> dry. 

The temperature may vaiy with the formate or mixture of formates or other 
reagents ernjiloyed, but in general may be in the neighborhood of 2t)” below 
tlu' ])oint at which the iormate used, sfiontaiK'ously decomposi's to the oxalate 
u ider the pressure ('xistmg 111 the apfiaratus at the time of so luaiting. 

b]xj)(‘rim('nts by Kalnin reported by J^ergiiis * bav(' shown that 
hydrogenation is efleet(‘d by luxating oI(‘ie aeid with alkali at 300 ° (bin 
hydrogtai tinder a prt^ssurt' of thirty jitinosph(‘r(\s. 

As tlu' firocess is not a catalytic one, it is independent of the jiurity of the 
oil or the hydrogen SirriuitaiK'ous hydrogenation and saponification, in' th(' ab- 
senc(‘ of catalytic agents Hergius Ix'lieves will jirobably prove a cheaixT {iroci'ss 
than that m use. ( oinmenting on this proc(‘ss, the author f observes that, it 
is jirojiosed to jiut this hydrogenatial and more or k'ss .saponified iiroduct dinad.ly 
into the soap kettle and work it up into soap. 'Phe high gas pressure reijuired 
is a drawback from the commercial siandjiomt. 

Barbe tind De Paoli J d(‘seribe ti pr()e(‘ss for th(‘ Iransforrnation 
of liquid into solid fatty aeid, whieh is carried out in the following 
manner: 

Oleic acid is introduced into a .suitalile lead-lined aiiparatus jirovided with a 
stirring , device and a l(>ad coil, which latter, by means of a two-way cock, may 
be caused to act either as a heater or as a refrigerator. The temjjerature is 
held below 40° C., and (Hiuivalent molecular quantities of concentrated suljihuric 
acid of 06° K;'. are introduced and stirring is continued until development of 
sulphurous anhydride ceases. By the.se means the transformation of the oleic, 
acid into sulpho-iso-oleic and sulpho-oxy,st(‘aric acids is effected, which acids are 
decomposed by simiiU* boiling in water into sulphurir; acid. It happens, how- 
ever, that during the long boiling in the presence of sulphuric mad, necessary to 
decorriiiose the suljiho-acids, the iso-oleic and oxystearic acids are dehydrated, 
thus giving the corresponding lactone's and anhydrides. These have a relatively 
low melting-point (about 25° C,). It is, therefore, necessary to restore the water 

♦Zeit.sch f arig(’w. Chem., 1914, ,524. 
toil, Paint and Drug Reporter, October 20, 1914, IH. 

* t British l^itent No. 24,887, May 5, 1908, 
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to the anhy(lri<los and convf'rt thorn asain into aoids, whudi is c‘asily offoctod 
by sa])()iuficatu)n. Tho mixturo is saponifiod by ammonia and troatod with cold 
wator in onh'r to sojiaralo t.hc' oloio acid. The ammonia used for tla^ saponifi- 
oation is ovontually na-oviTC'd by l)oihnp;. liy proceeding; in this manner Barbe 
and De Paoli have obtained from oleic acid as much as 65 per cent of fatty 
acids having a melting-i)omt of 70® C. 

d'he ])enefits to Oermany of the hydrogenation prof;ess are referred to in an 
article by Hugo Schweitzer,* who states that the cheap and practutal methods 
which wer(' evolved by the military authorities for the generation of hydrogen 
are now utilized m one of the mdustruss which has rta^ently become of the 
highest imiiortance, nairudy, the manufacture of what an' called “hardened oils 
and fats.” P,y treatment with hydrogen, oils and fats in the liquid state arc 
converted into solid materials, which usually command a higlu'r jirice for tech- 
nical iiurjiosi's, such as the manufacture of soaj), eto ; and low-class fatty sub- 
stances, which arc not fit to be eaten on account of their appearance or odor 
may be transformed into valuable food materials. It- must also be noted that 
the cheap ])roductioii of hydrogen is one of the iirominent features in tlu' man- 
ufacture of sulphate of ammonium according to the Haber jirocess Thus the 
manufacture of hydrogen, while originatod for military inirposes, lu* claims is liel])- 
ing to f('ed th(' nation by providing new edible substances, on the one hand, and 
a iK'w sourc-e for fertilizers on the other. 

A laboratory method for th(' hydrogenation of oleie aeid is d(‘Heribed 
by Dubovitz f The liydrogen employed is prepared from arstuiie- 
free zinc and is imrified by passing it suc(*essively through a mixture 
of ferric- oxid(^ and sawdust, iiotassium bichromate tuid sul) huric 
acid, sodium hydroxidt; solution, a tube containing palladium, and 
e()nc(‘ntrat('d sulphuric acid. Catalyzer is prepared by dissolving 
50 grs. of nickel nitrate in hot water, adding pumite stone v\ ashed 
Iinwiously with hydrochloric- acid and ignited, evaporating tla^ mix- 
ture and igniting the residue in a nickel basin until all nitric* acid has 
been expelled. The ignited residue is then packed into a tube IGII 
cm. in length. Oleic acid, dried previously at 110'" C., is contained 
in a flask connected with one end of the tube. The air is exhausted 
from the whole apparatus, and hydrogen is passed through the oleic 
acid heated at 270° C. The tube (xmtaining the catalyst is heated 
at 300° to 350° Cb, the nickel oxide therein having been reduced in a 
current of hydrogen under reduced pressure at 100° C. The hydrogen 
bubbling through the oleic acid carries with it a quantity of oleic acid 
vapor (a low pressure being maintained in the apparatus) and the 
gaseous mixture passes into a tube containing the catalyzer, where 
hydrogenation of the oleic acid takes pla(ie. 

Successful results are said to depend on (1) the purity of the reagents 

* Popular ScioiK'c Monthly, Decombor, 1914, 587. 

tSeifen. Ztg., 1915, 304; J. Chem. Soc., 1915, 1049; J. S. C. I., 1916, 127. 



METHODS OF HVDHOGENATION 


8P 


used in inakinp: catalyzer. (2) The construction of apparatus. (3) 
The skill and experieiioe of the chemist. 

The distillation of fatty acids hy means of hydrogen as carried 
out by Dubovitz is not regarded by Normann as having any features 
of novelty.* 

# 

Robson t advanrcH tht* interesting statement that there is, “as the natural 
ron.sequenre of tlio inconclusive litigation whitrh has co.st thousands of pounds 
an 1 has been practically settled out of court, so far as it has been settled, a 
im'it deal of secrecy connected with the processes and such imnted accounts 
of the processes and so f sr as are permitted to appear in technical literature 
an* carefully non-coniiiiital Many stories are told as to the way in which 
the nickel is used Some say it is used as dust, some that the oil is forced 
through tubes packed with thin nickel wires jiarallel to th(‘ length of the tube, 
othi'rs again that the nickel itself is made into tubes, forming long circular 
worms, which are supfilied with 
the necessary heat from outside, 
or through which the already- 
heated oil is passed No one 
knows excejit the supierior officer? 
of the factory ” 

Contrary to the observa- 
tions of others, Arnold J 
asserts that in hydrogenat- 
ing fats and oils it has 
been found that the mere 
p)assing of the hydrogen 
through the fat or oil does 
not cause th(‘ gas to be 
readily absorbed, and that 
a more intimate mixing will 
greatly reduce the time re- 
quired to produce the de- 
sired reduction. 

The apparatus illustrated in 
Fig. 40// is stated to be particu- 
larly desirable for producing the 
required intimate mixture and 
to greatly redu(;e the time re- Fio. 40//. 

quired for the treatment. The 

mixing of the oil with the gas is accomplished by imparting a rotary motion 
to the oil in the lower portion of the tank and causing the whirling liquid to 
be thrown upwardly into the space occupied by the gas, by means of blades 
*Scifcn. Ztg., 1915, 398. 
t Drugs, Oils and Paints, 1914, 211. 

4 U. S. Patent No. 1,181,205, May 2, 1916. 
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or deflectors which depend into the licpiid. '^I’he oil is thrown violently against 
the top of the tank so that it is broken up and descends through the gas sj)ace 
in a shower, thus causing all portions of the liquid to come into intimate contact 
with the gas. 

Hoehn* considers agitation of fatty material in the hydrogenation 
process to be undesirable. 

He observe.? that violent agitation of the fatty material or oil posses.ses marked 
disadvantages, chief among which may be mentioned the bubbling of the hydro- 
gen in or through the oil or fatty material, and that the best results are ob- 
tainable by subjecting a mass or “lake” of the fatty material or oil having 
the finely-divided catalytic agent in su.siiension, and having a relatively large 
exposed area or surface and a substantial depth, to the action of an atmosphere 
containing hydrogen. In Fig. 40^ a tight housing encloses a series of pans 



Fig. 402. 


in which the oil is exposed to the gas. The oil enters the lower pan and is 
pumped successively to the intermediate and upper pans, finally returning to 
the lower pan. I'he saturated oil may be drawn otT from any one of the pans 
through outlets near the bottom (shown in the drawing midway of the pan). 

For hydrogenating oils, Lane t proposes apparatus consisting of 
a vertical cylindrical vessel which is heated by means of a steam 
jacket or otherwise. Beaters rotating horizontally round a central 
vertical shaft, alternate with annular sloping shelves on the sides 
of the vessel, so that the oil entering at the top is alternately sprayed 
outwards to the sides and guided to the center of the beaters next 
below, and so on until it reaches the bottom; it is then pumped again 
to the top of the vessel, t 

♦U. S. Patent No. 1.189,817, July 4, 1916. 

t British Patent No. 968, Jan. 21, 1915; J. S. C. I., 1916, 642. 

JSte also French Patent No. 481,504, Dec. 13, 1916; Chem. Abs., 1917, 3122. 



METHODS OF HYDROGENATION 


sa 


De Hemptinne’s process for eliminating the odors of fish oils * 
consists in submitting the oil to the action of the silent electric 
discharge in an atmosphere of hydrogen. 


The hydrogen is fixed by the oil and after a sufficiently prolonged action of 
the silent discharge, the characteristic odor is gradually modified and disajipc'ars. 
At the same time, the oil becomes thicker. 'Die latter fact is due not only 
to the fixation of the hydrogen, but also to a conversion of the oil umler the 
influence of the silent discharge 'Die elimination of the odor of fish oil may 
however, be effected in any gaseous atmosfihere; (1) because the oil is modified 
by the action of the silent discharge, independently of the action of hydrogen 
introduced from an outside source; (2) because the silent discharge always de- 
composes some of the oil, so that more or less hydrogen is evolved, which is 
again fixed by the oil. In this way, even ^^hen operating with uIIut gas, there 
is still an effect due to hydrogen. Analysis has shov\n that after some time, 
when ojierating with air, the ga.seoiis mixture was composed as follows: 10 per 


cent of carbon dioxide, 20 per cent, of hydrogen, 
and 70 per (;ent of nitrogen. The conclusion 
is that the elimination of the odor of fish may 
be effected in any atmosphere; but it is effected _ji 
more rapidly and aliove all, more efficiently, in 
an atmosphere of hydrogen, h'lg 40'/u shows 
apparatus used by de Th'rnfitinno 

A quantity of tla; oil is introduced into a 
cylinder, A, in which are arranged on a shaft a 
series of parallel jilates, alternately of metal H 
and of glass, or other insulating material, Q. 

These plates are several millimeters distant from 
each other. 'I'he metal [dates of odd numbers 
in the series are connected together and with 
one of the poles of a source of electricity by a wire, F; similarly, the plates of 
even numbers are connected together and with the other pole by a wire, G. 

The cylinder is rotated by means of a pulley, />, and owing to a number 
of gutters (j fixed to the interior of its wall, the oil is (continually sprinkled over 
the upper part of the plates and thus forms on them a thin and mobile layer. 
The cylinder being filled with hydrogen, for instance, the silent electric dis- 
charge is caii.sed to pass. The gas is fixed by the oil and gradually removes its 
odor. From time to time the apparatus is stopped to introduce a fresh quan- 
tity of hydrogen corresponding with the gas that has been fixed. The apparatus 
is provided with the cocks necessary for the introduction of gas and for the 
withdrawal of the oil. 



Solomonoff f sets forth a process of hardening fats, stearic acid, 
palmitic acid and other fatty acids, naphtha acids, commenly known 
as sludge acid, waxes and the like, the object of which besides raising 
the melting-point is to make the material amorphous so that it may 
be used for the manufacture of candles; also for the purpose of render- 
♦ U. S. Patent No. 852,662, May 7, 1907. 

t J. S. C. I., 1911, 1125; U. S. Patent No. 1,002,186, August 29, 1911, 
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ing stearic acid and similar materials harder, so that they may hv. 
used for insulating and other purposes. To this end, the fatty material 
is treated with anhydrous ammonia or other anhydrous alkali. 

An example is as follows. Powdered fatty acids are mixed with ammonia, 
by passing tlirough the fatty acids a stream of ammonia gas, or they are mixed 
with dry alkalies or salts of alkalies for five or six hours. If salts of volatile acids 
are used, they give off the acids and form dry salts of fatty acids The.se salts 
are thus mixed with uncombined fn^e fatty acids. If salts of weak non-volatil(‘ 
acids — for instance, ammonium borate -are used, they form the same salts of fatty 
acids. The resulting salts can be separated from free bone aead by melting the 
product; borii; acid goes to the bottom The (juan titles of alkalu'S used an* dif- 
ferent according to their nature and to th(‘ desired product. Dry ammonia may 
be used in amounts ranging from 0.5 to 4. .55 per cent. The more ammonia or 
salts used, the higher the melting-point of the resulting fatty body 

Derivatives of triinethylauiine, applicalile in the uiaimfacture of 
soaps, candles, and in general as a sti'ariiu' sulisiitufi*, art' jirejianal 
according to Herzmann * by allowing triineihylaniine to act ujion 
the (‘hlorohydroxy fatly acids or sulphurii* acid esters of hydroxy- 
fatty acids, such as Turkey red oil, and then the redaction mixture' is 
heate'el uneler pressui’e t-o about 120°. 

The union of unsaturated fats with trimethylamine by the Iler/anann nudliod 
is facilitated by jiyridine or copper reduced from the oxide on an aslx'stos sufi- 
port Soajis ])repare,d from the fatty product are of good (piality Th(* jiroci'ss 
yields fats of high mdting-jioint and the inve.stnumt for plant, in com])a,rison 
to that required for hydrogenation, is very low f 

De’Conno I observes that the action of ammonia or fatty aromal.K^ amines on lh(‘ 
higher fatty acids has luwisr received careful scientifiit study, although soiru' t (‘cli- 
nical experiments have been made on the action of ammonia on fats. In ethyl 
alcohol under pre.ssure ammonia decompo'^ed glyiicridos to give the amides. Sonu' 
patents have been taken out for the formation of anilides, by the action of anilin(‘ 
on fats, in this way. However, no systematic study of the formation and jirop- 
erties of the numerous amides of higher fat ty acids, with the idea of finding diuiva- 
tiv’^es having properties more useful for identification than those previously known, 
had been carried out De’Conno obtained solid products which were w(‘ll (rry.s- 
tallized and easily purified, by the following method of preparation. Faiuirnolecular 
amounts of higher fatty acids and aromatic amine are intimately mixed and heat(‘d 
in a sealed tube at 280® for five hours after evacuaiion with a mercury puni]). After 
cooling the crystalline mass is purified by crystallization from 90 per cent t‘thyl 
alcohol, after treatment with animal charcoal. In this way the amide is olitained 
as white needle-like crystals or pearly scales. Most of the oleic amides and linolcnic 
anilides are oils. 

♦German Patent No. 275,344, June 15, 1911. 

t Soifen. Ztg., 1914, 442. 

t Univ. Naples, Gazz., chim. ital., 1917, 47. 1, 93; Chem. Abs., 1918, 1172. 
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Hydrazine hydrate lias hec'ii found by Falciola and Mannino * 
to I’eact wiili fats, forniin^ solid jiroduets. 

AN'Ikmi liydrazmo liydndo (90 or r)() per coni soliiiion) is added to olive oil, 
a lurhidity is produced winch s(‘[)ara 1 .es after a few hours as a more or less 
concndi' mass, depending on th(‘ amount of hydrazine used; the a^dion takes 
place in tin* cold without ajipreciahle development of heat and with slight 
ammomacal odor, which soon disappears. The greater part of the white solid 
suhstanci' thus jirorluced dissolves m warm alcohol, from which it crysffillizes 
on cooling 'Fhe i^ohdifying point is about 105^' C. Other oils behave ain^arjy. 
Triolein treated with excess of 90 p(‘r cent hydrazine hydrate rapidly tipritens 
and hardens. Tristiairin giv(*s a similar iiroduct. m.p , 112 ° to 11 1°, and tripalmitin 
yields a body ol m p. 108° to 109°. 

Klaidin 

Many yc'ars ago considerabh^ attention was paid to the production of hardened 
fats by th(‘ transformation ol olem into elaidin Among lh(‘se proposals are those 
ri'iiresi'iiti'd by llntish Patents as iollows: 


N:ini(' 

I’ali'iit Number. 

Date. 

Canibacei'c's . . 

18(M) 

1860 

Bryant 

2675 

1860 

de Bassaiio 

. . . 1099 

1861 

T(jlhaus('n 

. . 2127 

1861 

de Ba.ssano and Bnukuine . 

. 2726 

1861 

La Peyrouse 

. 1385 

1862 

Bai nes 

817 

1863 

Morgan-Brow n 


1874 


See also V . S I’atent to McCarty, No. 292,009 dated January 29, 1884. 

Tli(' ('fft'ct of pressure and t(‘iiiperature on hydrogenation is dis- 
eiiss(‘d by Brochet f who dot^s not regard a high pressurt' of hydrogen 
to 1 k‘ lu'ees.sary in most hydrogtaiatiiig operations, although in jirati- 
tie(‘ tli(‘ eiiiployineiil of jiressure may b(‘ useful. 

In all cases a much lower temperatuie may be employed than that adopted 
in the nudluMl of Sabatuw and Senderens. 4'he proportion of nicikel (obtained 
by reduction of the oxide at about 800° C.) may be as low as 0.1 to 0.5 p(‘r 
c('nt of the wiught of lujuid in .some cases. The method is apiihcable to the 
hydrogenation or reduction of various organic compounds. A mixture of the 
active metal and tin* liquid (the substance to be treated, or its solution or sus- 
pension in a suitable luiuid) is agitated vigorously in presence of hydrogen at 
ordinary or higher pressures. 

Referring to the hydrogenation of fatty oils by contacting the oil and catalyzer 
with hydrogen, Brochet states that it was not foreseen that this jirot^ess might 
bt‘ ap])hcable to products other than fatty bodies, as, generally speaking, it was 
believed that the moistening of the catalytic metal completely checked the 
reaction, f 

♦Arm. chim. applicata 2, 351-C, 1914; Chem. Abs., 1915, 86 C. 
fConipt. rend., 1914, 158 , 1352. 
t British Patent No. 16,936, 1913. 
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The method is stated to present the follovvin^^ actvaritiiges: 

L It j)erinils of tJie utilization of tin* hy<lro^en at a temi)erature which may 
be much low('r than the boiIinj?-pomt of th(‘ product treated, which alTords the 
advantas<’ that, on the one liand, products non-volatile at tlie reaction temperature 
can be em])loy(‘(l, while on the other hand liydroj 2 ;(‘nation can l)e effected at a 
ndatively low t(‘mi)erature. It is therefore* possil)le, Brocliet declares, to obtain 
products that have* ju*vcr hitherto been obtained and to avoid ttu* f )rmation 
of undi'sirablc products, and, by suitably selectinp, the ti'injicrature for the op- 
eration, it is also [lossible to obtain the desired body m a, state of f»re t jairity. 
With i)h('nol and mtrolM*nz(*ne, the hydrogenation m tin* first and the reduction 
in the se'cond place take [ilaci^ below^ KK)^. 

2 Products infusible* at the re*ae*tion te'iniie'ratuie but soluble* either in water 
eir in an approjiriate* liejUid, such as ethyl ah‘ohe)l, amyl alcohol, cyclohexane)!, 
glye'erme, and so forth, or mseduble prexlucts mamtaine*.! in suspension m a vehie*le 
e;aii be hydrofiii'nate'd 

Kxamplk 1 One per cent eif re*duce'd nicke*! (eibtairu'd from oxide*, carbonate, 
etc ) IS add(*d to the* [)he*nol. It is place‘d in an ajiparatus heated tet apjirejx- 
imately 100° to 120° (■, anel subjee*teel to the* actiein of hyelreigen aedm^ at a 
I)re*ssure* eif from It) to 1.5 kilof!:ramme*s pe*r sejuare* e*(*ntim(*lr(* Agitation is 
etTe'e'te'd m such a manner as freepiently tei re*ne*w the* e*e)ntae*ts be*lwe'e*n the* gas 
and the me*tal im])re*f»;nateel with phe*ne)l The* hyelre)j>,e*n is rapielly abse)rbe*el ; 
if the supply eif hydioficn is cut otT, the* apparatus havinp; previously be*e'n 
exhausteel eif air, it is lounel that a vae‘uurn feirms in the* a])])aratus. In this 
manner the* phe'iieil is transforme*d intei e*ye*lohe*\ane)l and by reason of the low 
reae’tiein tempe*rature*, lu'ither the* format lein e)f e'yclohexane neir of e*ye*lohe*xanone 
is observe'd. The* filtere*d heiuiel is subje*e*ted to eiistillation anel the* eiatalyzer 
is utilize'd feir a fresh operation 

Example 2 One* kile) e)f ])aranitraniline is dissolved in a kilo of amyl ale*e)hol 
and 1 pe‘r e*e*nt of reelue*e*el nickel is addeel 'Fhe mixture* is subj(*e'te*d to the 
action of hyelre)^e*n at 120° to b‘10° C, anel at a i)re*s.sur(* e>f 10 te) 1.5 kileisrammes 
per sepiare* e*e*ntiine‘tre anel aj'itateel e*e>ntinuously. The react iem is very rapid 
anel the cataly;’:e*r is se*parateel by liltrat.iem, an 1 the paraphe*nyle*n(* ehamine e‘rys- 
talhzeel by eeii'lin^ 

In the*se' two e*xample‘s the absorjition f)f the* hyelrof^en is theeiretical, so that 
the enel of the reae*tie)n is ne)tie'e*able* by cessatiein eif absorption. 

Hrochet anel ltaue*r * have hyelreij^enateMl a number of aromatic compeiunels 
cemtaining an ethyle'iiic linkage in the siele e*hain ; nel one aliphatie* com])e)und 
1. Octerie* reaelily yielels oe*tanc. Cinnamic aciel, its .^'oehum salt, and its methyl 
ester yielel phenyljueijiionie* acid and its corresponelinp; derivatives. The hydiei- 
genatiein jiroceeels better with the seulium salt than with the free acid, 1 
the conversiein r(*aelily takes plae*e ein using the sodium salt. Anethole, e*ugi i.ejl 
anel safrole reaelily unelerge) hydrogenation at 00° te) 80° (^, while for iseieiigeiu)! 
eirdinary temperature suffie*es. Breiehet and Cabaret f find that the sub.stane;es 
ceMitaining aliphatic cthylenic linkage which were hyelrogenateei in the presence 
of ae'tive nie*kel uneler a slightly ine*reaiseei pressure by Breichet anel Bauer also 
unelerge) hyelreigenatmn under atmospheric pressure, but m this e*a.s(* the reae> 
tion takes place far more slowly and requires a larger amount of tlie catalyst. 


* (’omptes rc'iid., 1914, 159» 190. 
t Ihul., 326. 



METHODS OF HYDROGENATION 


8T 


Rrochet * * * § sURgosts a. further modification by the sulistitution of vigorous shaking 
for the high pressure, 10 to 15 kilos per square eentimetri', first recorninendiui. 
This method is apfilicable generally to compounds containing acetylenic or ethyl- 
enic lionds and to some easily reducible substances such as indigo Fk'tails 
are given for the reduction of sodium cinnamate to ])h(‘nyl-i)ropionate, using 
reduced nickel as the catalyzer and hydrogen, and for the jinqiaratuyi of indigo- 
white by rediKition of indigo lioth Iiy hydrogen and by water gas. 

In a paper on polyrn(‘riz(Hl drying oils, Morrill f statt's Hiat lins(‘(‘d 
oil from various sources was tluek(‘ne(l in hulk or in smaller (piantities 
ill tli(' laboratory, and to avoid oxidation the operation was performed 
as far as jiossible in an atmosphere of (‘arhon dioxide or hydrogen. 

Hvdrog('n under ordinary (ronditions or under jiressiire without, a catalyst is 
st:it(Hl to have no action on unsaturated fatty acids, I nevertheless, it was 
found that under th(‘ conditions of the e.vpenrnents a vi'ry sliglit addition 
occurred and subsequently carlKUi dio.\id(‘ was used instead Th(' oil wais luaited 
for twenty-eight to si.xty hours at 200'' (t, and the thickened oil was completely 
soluble in light jietroleum. 

While Shuck § was carrying on some experiments on the catalytic 
liydrogemition of naphtlui-extracted corn-oil, he ()bserv(‘d that a stimpk' 
which had not been purified suffiidently to allow the catalyzer to act. 
and which had not hardened, n(‘V(‘rtheI(\ss was nuKh'red odorless and 
palatabl(‘ by th(‘ action of tin' hydrogen on the oil containing a catalyzer 
in suspension. Although no apjtreciable hardiming had takiui place, 
the imiirovi’iiK'iit in odor and taste w'as so marked t hat, a fresh sample 
w'as treatinl under identitxd conditions exc(‘pt. that, no (iatalyzer was 
pres(*nt.. This saiufile proved to b(' equal in odor and taste to that 
treated with hydrogen in the presimce of a (catalyzer and thus showed 
that the catalyzer did not function in the removal of odor from the 
corn oil. kdsh oil also was deodorized. 

The method of deodorizing nny oil or fat by this procc.ss consists of blowing 
hydrogen, or a gas whose principal constituent is hydrogen, through the heat(*d oil 
and allowing the hydrogen with the entrained vapors from t,h(‘ oil to escape freely 
from the containing vessel until the desired result is obtained. In the commercial 
aiiphcation of this iiroiress, t he fatty acid and other fumes are condensed and washed 
from the hydrogen which is thus completely purified an<l used over again. I'hc 
entire apiiaratus should, of course, be filled with hydrogen to tlui exclusion of all 
oxygen from tin* air at the time of its first use. Thereafter each new batch of oil is 
introduced and th(‘ deodorized oil withdrawn through pijies so that no air enters 

* J. S. C. I., Itn.O, lllG. Second Addition dated Nov. 19, 1913, to French Patent No. 
458,0.33, July 27, 1912, J. S. 0. I., 1913, 1031 and 1914, 18. 

t.J. C. I., 1915, 105. 

t Thorpe’s Dictionary, Oils, Fats and Waxes, 2d F^d., Vol. 3, 57. 

§ Met. & Cheni. Eng., 1916, 608. 
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the apparatus. A means of drying the hydrogen is provided in th(' gas-})iirifviiig 
system if the oil })emg treat-ed contains appreciable quantities of water. 

Cocoaniit, oil was treated by this process at the same time that some of the sanu' 
oil was deodorized with siqierheated steam. Both sampl(*s were put in clean tins 
with lids loosely laid on, then alternately kejit in a warm place' where the oil was 
liquid during the day and in a cool place at night for four months Tlu' st {'am- 
deodorized oil became ramad in a few weeks and w^as very poor m quality in twf) 
months The hydrogen-deodorizesd oil was pleasant to taste afti'i* two months’ 
storage. 

Among the comnu'rcial ])ossibiliti(^s of this process Shuck state's that the* ]iurifying 
of fish eals so as to reneler tlu'rn eelible is of prime* impeirtance Even the' de'oelonza- 
tion e)f fish oils for te'chnieail jiurjieises is a matte'r eif inte're'st 

While' not taking the jdae'c eif catalytic hyelreigenation of lish eiils be'caiise' the' oil 
is neit, hardene'el, SchueL e’.em.sielers the* preie'e'ss ve'ry mue*h chf'aper to ope'iate' It is 
<;la,ime'el that fish steairine whiedi is naturally a seiliel iat at orelinary temperature's 
e*an be' rriaele' into an ae*e*e'i)t.abte e*eK)king fat at very lenv cost by tins ])roce'ss 
Fats whie'h have be'en burnt from e'ontinued use in ceioking and have* absorlied 
the odor of fish, oniems, garlic, etc., e*an be rendere'el pe'rfe'ctly bland and iH'utral 
by this ele'eielonzmg ])roe*ess. Likewise garbage gre'ase anel reiide'ruig-works fats 
can be purifieel and fre*eel fremi obje‘e*tionable oelor. This Ijitte'r class of fats 
usually e'ontains substane'e's that “ jieusem ” a e*atalyze'r anel the'refore arc not 
e'asily de'eidorized liy catalytie* hyelroge'natiem. Medicinal casteir eiil, it is claimed, 
can be remlere'd entire'ly fre'c freiin its e'harae*t eristic eielor and taste' while' still 
retaining its medicinal propertie's A te'inperature' of isr»“ E inav be use-d 

Ck'rtaiii ve'ge'table oils sue*h as .seiya lie'an oil, not re'adily eleodorize'd with ste'ain, 
Shuck asserts are* reiide'real bland and jialatable by this jiroct'ss * 

Schrauth f obsorvos that Varr(uitrap])’s rt'aclion is apttlietiblo to 
all iinsatiiratoel fatty acids, wliiedi in this w^ay iiuiy be coiivtultal 
into saturated fatty acids containing; a smaller number of (‘arbon atoms. 
For example, clupanodonic acid, which is the cause of the charac- 
teristic odor of marine animal oils, is slowly transfornuMl into satu- 
rated fatty acids and it is possible in this way to obtain u]) to 85 per 
cent of a perfectly white solid distillate from the mixed fatty acids 
of the oils, provided that glycerol is absent. Marine animal oils 
of the best quality yield tallow-like fats, which when mix(‘d with 
other fats give good lathering soaps, while the' fatty acids from re'fuse^ 
marine animal oils yield products which resemble the fatty acids of 
palmnut and cocoanut oils both in properties and composition. 

The electrolytic reduedion of organie^ bodies and espe'cially fatty 
acids or esters is carried out by Higgins J with the aid of nickel or 
cobalt oxide or hydroxide. 

♦ Soo uIho U. S. Patemt No. 1,260,072, March 19, 191S. 

t Seifenfabr., 1915, 35, 877-S79. Z. angew. Chem., 1916, 29, RqI, 31; J. S. C. I., 
1916, 428. 

t J. S. C. I., 1911, 982; British Patent No. 18,969, 1910. 
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The catalyzing agent may constitute the whole or ]jart of the electrode from 
which hydrogen is normally disengaged, or may he in suspension m the elec- 
trolyte composed of or containing the body to he redu<‘ed According to one 
mode there is formed a cohenait mass coinposeil of tlu' oxide or hydroxide of 
(ohalt or iiickcd, or a mixture of thesi*, and a suitahle, chemically inert, binding 
material, this coehrent mass constituting the cathode For instanci* the oxide 
or hydroxide of cohjilt, or nickel, is mixed with or d(‘po, sited upon kieselguhr, 
puniK'e, or other porous inert jiowder, and the whole formed, Axith or without 
the addition of cement, or gums, into a coherent mass by mi'chanical pressuri'; 
or the catalytic material may be mixed with a cane sugar solution which, on 
suhse(|iient roasting in a non-oxidizing atmosphere, yadds a jiorous mass of 
carbon-containing tht' active mgredimits. Higgins also states that perforated 
plates such as an* commonly us(>d m sei'ondary cells may be ('iriployed to sup- 
port the catalyzing agi'iit either alone or mixed with the binding material re- 
f(*rred to above 

A survey luid discussion of the field of hydrogeiud ion by vanLeent* 
involves ti eoniptirison of the physical and eheiniejtl properties of 
eottonsiM'd, linset'd and whal(‘ oils befon* and aftt'r hydrop;enation. 
AR'thods for the dett'ction and determination of ni(‘kel in the imulueis 
ar(‘ diseuss(‘d. Hydrogenation with and without high pn'ssures .showed 
that olive and p(‘anut oils are (‘speeitilly tidaplt'd to hardening at 
atmospherie prt'ssure. Linseed oil is stated to hydrogtmate but very 
litth' even with jilatinum black as catalyst. 

Th(' hydration of unsatunited organic acids is carried out by 
Schicht A. G. and Griin f by heating stilts of thi‘ acids with watt'r 
in the presence of small amounts of an alkali substance, under pres- 
sure, whendiy water is added diri'ctly. Th(‘ double union disappears 
th(‘ iodine iiunib('r deerea.s(‘s (‘ontinuously and hydroxyl and (dluT groups 
are formed, bkg., fiOO g. linoleic a(*id (iodine number, 174.0) were 
slightly more thtin neutralized with 40° NaOH, and heated in a 
pressuH' v(‘ssel for three hours to 270° to 280°. The viscous liquid 
reaction pi'otluet showed an iodine number of 83.8. 


Synthetic J^Isteks of Olek^ and Other Fatty Acid and their 
Hydrogenated Prodikts 

In 1900 Bedford t .studied the e.sterification of linolic and linolenic 
acid and tlie hydrogenation of these est(;rs in the presence of finely- 
divided nickel. The ethyl and methyl testers of the.se aidds were pre- 
pai’ed by him as follow's: 

* ('hem. Wockbhid I.I, 7I2-.'ji.'>, HUG, ('’hem. AI)S., 1017, 21S 
i (i(*rman Patent No. 2S7,r)r>0, .July 10, HIM; ('hem. Ab.s., H)Hi, 21 2S. 
t “ iM)er die Uuge.sattigteu .SaUnm de.s Lemolh,” Diswrtation, Erlangen, 1900; Ber., 
42, 1909, 1324. 
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The free fatty acid was boiled under reflux with an excess of the alcohol 
n the presence of a small amount of sulphuric acid. The product was then 
:reated with an excess of sodium bicarbonate solution. The oil that sejiarated 
)ut was decanted off and dis olved in ether. The ether solution was washed 
^ith water, dried with anhydrous sodium sulphate and then distilled to remove 
die ether. The oil left behind was purified by vacuum distillation. I’he ethyl 
;sters of lindlic and linolenic acid were hydrogenated m the [ire.sence of firiely- 
livided nickel at about 180 C. Ethyl stearate was obtained in both cases. 

Methyl esters derived from thickened linseed oil were hydrogen- 
ited by Morrell * who employed (‘olloidnl palladium as a catalyzer. 
:>tearic acid in j^ood yield was obtained from the products of hydro- 
2:enation. 

The methyl, ethyl, propyl, isobutyl, amyl, benzyl, and glyceryl esters 
)f oh'ic a(!id were prepared in tbe author’s laboratory, f They were 
ill liiiuid at the ordinary t('mp{‘rature, and yielded practically satu- 
•at('d products when hydrogenated in th(‘ licpiid state, at an incn'ased 
-ernperature, in presence of redu(*ed nickel. The nature of the ah'ohc)! 
lid not seem to have much effect on the rate or degree of hydrogen- 
ition. A product derived by heating oleic acid and aniline was found 
0 hydrogenate readily to form a very hard product. 

Methyl Oleate. U. S. P. olei(^ acid (50.4 g.) was dissolved in 25 0 g acetonc- 
rcc methyl fdi^ohol. The solution was treated with 0 7 g siiljihuric a<‘id and 
hen boiled for 5\ hours Die jiroduct had an acid numlier of 17 0 After 
crashing with alkali the aiad number of the oil fell to 1.8 The iodine number 
ms found to be 87.0. The theoretical iodine number of methyl oleate is 85 8 

Hydrogenation of Methyl Oleate. A portion of methyl oleate containing 1 
>er cent of finely -divided metallic nickel (reduced for fifteen to twenty minutes 
a a stream of hydrogen at 820" to 850° G ) was treated for about two hours 
,t about ISO" to 200° ('. with hydrogen which was simply allowed to bubble 
hrough the licpiid as a brisk stream, ther(4)y maintaining the catalyzer in sus- 
lension. The solid product obtained after filtration was white and crystalline, 
t had an iodine number of 0.4 and melted at 37° C. 

Ethyl Oleate. Ethyl oleate containing 1 per cent of metallic- nickel (reduced 
or fifteen minutes in a stream of hydrogen at 320° to 850” C.) was exjiosed 
0 a rapid current of hydrogen for about two hours. The oil was filtered throir h 
n ordinary filter paper in the hot oven. The product melted at 81° C. Its 
)dine number was 5.8. 

Propyl Oleate. The hydrogenation in this case was carried out under con- 
itions practically identicid to those ernfdoyed in the hydrogenation of methyl 
nd ethyl oleate. The hardened oil had an iodine number of 1.8. It melted 
t 27^ C. 

Iso-butyl Oleate. Die est(‘r was hyclrogenated for about two hours in the 
resence of 1 per cent, nadallic nickel (reduced for fifteen minutes at 820" to 
60° C.). The temj)er;iture of hydrogenation was 180° to 200" C. The hydro- 

* J. S. C. I., 1915, 107. 

t J. Ind. Enj?. Chcin., 1916, 1105; J, S. C. I., 1917, 39; Chom. Abs., 1917, 218. See 
[ 80 <U. S. Patent No. 1,277,708, ,Sept. 3, 1918. 
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genaled product was soft and translucent and distinctly crystalline. It somewhat 
resembles crude paraffine. It had an iodine value of 0 2 and melted at 25° C. 

Amyl Oleate. This ester was hydrogenated under conditions similar to those 
employed above. The hydrogiuiated product was soft and non-homogeneous, 
consisting of a liijuid oil and a crystalline body. It had an iodine value of 1.7 
and melted at 22° C. , 

Glycerine Oleate. Oleic acid (50.4 g.) and 18.4 g. glycerine were heated for 
five hours at 240" C. with continuous stirring. The ody product was washed 
several times with warm watc'r and dried. Its acid number was O.fi. In cool 
weather a crystalline body formed which rendered the esl,(‘r opaipic. The iodine 
number of the product was (>9.4. Pure glycerol mono-okiate has an iodine 
number of 71 8 The ester was hydrogenated m the usual way. Treatment 
with hydrogen for about two hours at 180" to 200" C gave a product which 
inidted at 59° C. and jiossessed an iodine number of 0.5. The hydrogenated 
jiroduct was similar in apiiearance to a good grade of hardened cottonseed oil, 
except that it was somewhat darker in color 

Benzyl Oleate. Hydrogenation in the presence of finely-divided reduced nickel 
gave a product which had an iodine value of 0 8 and a melting-point of 28" C. 

Oleic Acid and Aniline. Aniline (24 4 g.) and 87 g oleic acid were heated 
under a reflux condenser for four hours at 170° to 190" ('. The mixture darkened 
considerably. It was steam-distilled until the distillate was free from aniline. 
The acid number of the steam-distilled ])roduct. was 80 5. It bcaaime solid on 
standing. Tho substance was treated with a solution of .sodium hydroxide and 
washed free from alkali and .sodium oleate. 'Phe acid number of the jiroduct 
was reduced to 3.0. 'Die product melted at 84" It was dark brown in color 
and had a greasy feel The material was hydrogenated for two hours at 190° 
to 200° (k in the presence of 1 ])er cent finely-divided reduced metallic nickel. 
'Phe hydrogenated product was filtered in the hot oven. It had an iodine num- 
b(‘r of 80.5 The iodine value of the unhydrogenated substance was 09 5. The 
iodiiK^ value of oleic anilide, is 71 0. The product melted at 70° C. and was 
very hard and brittle, 

A tabulation of the.se results follows. 


Ester. 

.\fid Number 

Iodine ^'!du( 

Hydkouln \T1UN I'UOUUCT 

M I)t , Cl 

Iodine Value 

Methyl oleate 

1.3 

87 0 

37 

0 4 

Ethyl oleate 

0 0 

88 3 

31 

5 3 

Propyl oleate 

0.5 

77 9 

27 

1 3 

Isobutyl oleate 

0 4 

75 7 

25 

0.2 

Amyl oleate 

0.7 • 

71 3 

22 

1 7 

Benzyl oleate 

0 7 

62 3 

28 

6 3 

Glycerol mono-oleate . . . 

0.6 

69 4 

59 

6 5 

(Aniline compound) . . 

3.6 

69 5 

76 

80 5 


In the catalytic hydrogenation of fatty .acids and their glycerules, 
the speed of reaction is maintained constant* by gradually raising 

* Soo. do Stcarinerio et Savonnerie de Lyon and P. Berthon. British Patent No. 


107,909, June 25, 1917. 
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the tornperaturo and adding!; additional catalyst, and sudden rises 
in temperature are avoided by providing a heat-(‘xchange appara- 
ratus for the iiydrogen entering and leaving the reaction chamber. 
The hydrogen is purified and dried by subjection to a low 
temperature and free fatty acid distilling over is separated from the 
hydrogen. In an example soya oil is treat(^,d at 200°, the temper- 
ature gradually raised to 300° and the catalyst introdiued little by 
little. In anoth('.r example whale oil is treated at 170°; the reaction 
which is at first violent, tends to become quu'tcu' and is then re\ived 
by adding more catalyst. amount of free acid in this product 

does not exceed 0.5 per {‘ent. 

Thv application of esterification as a means t,{) reduce free fatty 
acid has been utilized by Dreymann * in the tn'atment of oils ^hich 
which cannot be rc'adily refined by caustic alkali. 

Dreymnnn sUites that the presence of even as siruill a quantity as 2 per 
cent of free fatty acid in an oil is suflicient to greatly impair the effectiveness 
of the catalytic, agent used in the hydrogenation process Hence it is the prac- 
tice to first carefully neutralize the oil liy means of caustic soda. If the amount 
of the free fatty acids exceeds 5 jier cent, their removal by caustic alkali 
refining is difficult and is attended with considerable lo.ss and expense. In con- 
seipKUKie, Dreymann states only high-grade neutral oils are being used for hydro- 
genation purposes. Dreymann firojio.ses to meet the difficulty by csterifying the 
free fatty acid of the oil with alcohol, which he states can be hydrogenated as 
readily as a pure glyceride. In this way, oils and fats containing as rnudi as 
2'J per cent of frei^ fatty acid may be hardened Applying the jirocess to a 
fatty oil containing about 20 per cent of free fatty acid, Dreymann recommends 
the use of [) to 8 jiarts of alxsolute ethyl alcohol to 100 part,s of the oil A 
small quantity of hydrochloric acid is added to act as a catalyzer m the ester- 
ification operation and calcium chloride is introduced to servi' as a dehydrating 
agent. Dreymann recommends ;3 parts of hydrochloric acid and 20 parts of 
calcium chloride. The mixture is heated to a temperature of about 90^’ (\, 
for three hours, after which time the product is w^ashed with waiter and will 
then be found to have a low content of free fatty acid, in gimeral, less than 
3 per cent. This amount of free fatty acid can be readily removed by the 
caustic soda refining jirocess. W hen the oil or fat contains 30 per cent or more 
of free acid, Dreymann states it is advantageous to remove the glycerine as 
for example, by the d'witchell process. The fatty acids thus obtained can be 
converted into esters by treatment with alcohol, t,he proportion of alcohol in 
this case being increased to 20 parts. He states that the esters t,hus produced 
contain only 1 to 3 per cent free fatty acid, whii^h may be removed by refining 
with alkali. The application of the process to the treatment of inferior prodmds, 
such as cotton oil, soap stock, and garbage grease, is recommended 

The hydrogenation of fatty material containing such (juantities of 
free fatty acids as tend to interfere seriously with the catalytic 


* U. S. Patent No. 1,228,888, June 5, 1917. 
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process is carried out by Ellis * by esterifying tlu' fatty acids with 
glycerin. 

Tlii.s niiiy bo carried out by li(*nting the oil with jilyceriii to a tom])ora1ur(‘ bctwcc’u 
250° and 285° C for two or thrcM' hours. ''Die reaction mass may be ke])1 out of 
contact wiili air by intioduction of a current of hydrogen. In one case a wliak' oil 
having an acid number of aliout 25 was treated wilh 5 per cent of gffeerm and tlic 
a(‘id nundier w'iis n'duicd to a]>pro\imately 1 After the esterification stage has b('(‘n 
comph'ted a ciitalytic agent is added to tin* oil and the product hydrogenat(‘d at a 
tem])eratur(‘ of about, 180° C in tlu' casi' ol nicki'l or at a lower temperature if a 
catalyzer of the ])latinuin group is eii.jiloycd 

An apparatus for hydrogiaiating oils (k'sigued by Sugita f consists 
of a cylindrical bydrogi'iiating vessel or converter which is provided 
with two H'volvable shafts, 
one within th(' otluT. A 
propeller with a number of 
nozzles for su])])lying hydro- 
gen, ('acli provid(‘d with an 
automatic valv(‘, is attached 
to the end of one of the 
shafts. By this arrange- 
ment the hydrogen is 
made to contact rajridly 
and thoroughly with the oil, 
tluM’eby facilitating the hy- 
drogenation. 

Eor the effectiv(‘ mixing 
of oil, catalyzin' and hy- 
drogen, Ittner t r(H*ommeiids 
an appai'atiis of the charactin- 
shown in Fig. 4066. 

Ill this drawing a receptacle containing oil is e(piip))ed with a peculiar form of 
agitating and hydrogeii-mi.Miig device shown in detail in Fig 40cr. Th(‘ la1t(>r is 
termed by Ittner a cenirifugal dislribiitor or inj(‘cf.or It is set below th(‘ normal 
lev(d of the oil and is so constructed that the liquid is drawn in near its centre ami 
discharged cenfrifugally outw'ard so that circulation of the iquid is effected. TIk' 
upper iiart of the chamlier is filled with hydrogen gas which may be at almospheric 
pressure or under increased or decreased pressure. Thr' gas is drawn through the 
hollow^ shaft of thi* centrifugal distributor by means of perforations and passes out 
through the disc-shaped fiortion adnibed wuth oil. By this means, Ittner states, 
an intermixture of the liijuid and gas of such intimacy is obtained that ordinary 

*U. S. Patent No. 1,261,911, April 9, 1918. See also No. 1,271,575 and 1,271,576, 
July 9, 1918. 

t Japanese Patent No. 30,637, January 19, 1917; Chem. Abs., 1917, 2413. 

t U. S. Patent No. 1,242,445, October 9, 1917. 
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:ij;i tuition can add hut Hi tie to tlio ofTirienry of tlio ojx'ration. Tn fact, Ik' stales 
it is souK'tiiiios advantageous lo avoid a higli degree of agitation of the liquid 
and screens or hallles may be so placed as to lessen agitation. 



Fig. 4()cc. 


A method of automatic regulation of the su])plv of liquid to and discluirgi' 
of IkiukI and removal of gas from pressiin* vessels ior mixing IkiukI with gas is 
(H'scribed h\ Noll.* 

An apparatus for bringing licpiids and gases into contact with each otlu'r which 
is of interest to tlui hydrogenation industry is descriheil by Feldi. Fig 40(it/ 
shows a sinqile type of the a|)paratus (las enters the stationary bell, a, through 
the pipe c, and is distributed thiough t.he IkiukI, f/, m an atomized condition by 
till' rotation of the agitator, d, which also serves to agitate 
and mix the Iniuid Over twenty modifications of the 
apparatus are shown. 

To remove iTiiecxs of ni(*k(d from tJic hardened 
product obtained by hydrogenating; hil ty oils with 
a nickel catalyzer, WhitakerJ reiuirnnKuids treat- 
ment- of the hardened material with fuller’s earth. 
Aft(‘r the hydrogenat-i^d fat or oil leavt^s tlu' hydro- 
genator oi- converter or after it has passed through the filter press and 
while still in a litpiid condition, a quantity of fuller’s earth is introduced. 
The oil agitated is therewith and the earth is then removed by filtration. 
Ordinarily 1 or 2 per cent by weight of fuller’s earth may be added, 
but when a large amount of nickel soap is present in the oil, more 
than this quantity of th(^ earth may be reifuired. Fulku’s (‘aith, 
which has been heated to 100° (k is stated to lose its efficiency as a 



♦ German Patent No. 271,041, May 9. 1913; J. S. C. I., 1914, 409. 
tZeitKch. angew. Chem., Aufsatzteil, 1914, 224; U. S. Patent No. 1,110,914, 
September 15, 1914. 

t\J. S. Patent No. 1,242,024, October 9, 1917. 
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iiK'ans of removing trace's of nickel, so ilm( care slionld l)c taken not 
to operate at a t('inp(‘ra,tiire at or above the point wheie deliydration 
would impair its iisefiiliK'ss. 

A ])rocess of efte'ctiiifi; catalytic r('a.ctions is descrilx'd by Hagemann 
and Baskerville,"^' according to which nickel or an alloy of ijicke'l with 
a small amount of cobalt, having all or a part of its surface oxidized, 
is used as the catalytic body. 

Instead of usiiip: the material in the form of Ic'avesf tlie eatalyfie ap:ent may 
he used m tlie form of wire or sheets and the like, having a very slight surface 
oxidation It is stated that alloys of nickel with a small amount of cohalt 
wIk'Ii oxidized on the surface aid, much more vigorously as catalyzers iha.i 
(Mther jiure nickel or cohalt. In preiiaring the sheets, wire, or othiu’ suitable 
shapes lor catalytic use, the superficial oxidation is carried out hy heating in air, 
oxygem, or ozone, until the midal surface ceases to he bright The revivification 
of the catalyzer may he carried out by first removing any fatty material or other 
foreign accumulations from the sheets or wires hv extraction with a solvmit. 
Th(‘ nickel basis is then dried and heated m an oxidizing atmos])here to a teni- 
jierature of :i()(F F or higher until oxidation has gone on to sliglit dejitli, 
after which tlie catalvzer is subjected to the aid ion ol a nHlucmg gas, such as 
hydrogen, at a tem|)erature of 300" d to reduce the niidvcl oxide formed, then 
the material is subjected to the action ol air at about 300" (' for some time, 
until the surface becomes coated to a griaitcr or less extent with a thin film of oxide. 

The bafllo-plat(' prineiple is appli('(l to the hydrogenation of oils 
by Maxted and Ridsdale,t who olitain a large' rt'aeting surface of 
unsaturated oil and hydrogen by firojecting the mixture through 
ii vertical column provided with fixed horizontal propc'lk'r-likt' baffle 
plates so sliaped and place'd in opposition to ('ach otlu'r that the moving 
liquid-gas mixture' is reitatd'el alternately edeie'kwise anel anti-edockwise. 

Ae-coreling to Higgins, § an effee*tive apparatus tor hyelretgenation 
is se'ciired iiy the employment eif agitators equippeel with gas cups 
as sheiwn in Fig. 40cc. 

Beaters or vanes arc cm])loyed with a number of conical cups closed at their 
bases and ojicri at their narrower ends where thew are mounted uiion Ihe plate 
foriiung the beater or vane. Hie plate is provided with a hole of corresponding 
size and the cuii is mounted on the plate so that, the opening in the cup is 
coincident wi.h the hole in the jilate. Such conical cups are uniformly dis- 
tributed and are mounted uiion one side of the beaters or vanes. Between he 
resjiect ve cups, holes are formed in the plate. These holes are advantageous y 
arranged all over the plate so as to form continuous longitudinal and trans- 
verse rows intermediate the respective rows of cotiical cups. By such means, 

*U. S. Patent No. 1,23S,137, August 28, 1917. 

t U. S. Patent No. 1,083,930, January 13, 1914. 

t British Patimt No. 109,993, September 29, 1910; J. S. O. I., 1917, 1185. 

§IJ. S. Patent No. 1,170,815, February 8, 1916; Chem. Abs., 1915, 4; British 
Patent No. 15,003, June 30, 1913. See also Schwarcraan, U. S. Patent 1,280,315. 
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on the rot, ill, on of the hciiier^ or viines, the eiips pass into the liquid, open end 
fi s . A (lUiint ty of the fijas thus luMrornes iini)ri , ned in the cups and as the 
healer or viine rotatf's the oil passes into the eup and the gas piisses out The 
gas continues to pass out throughout the course of the beater or vane through 

the liquid. By the provision of holes 
intermediate of the cups, the rush of 
the oil through these holes carries t he 
bubbles of gas wilh it, and thus the 
gas is brought into uitiniiite contact 
with the liquid. 

The hydrogenation of various 
resins such as ordinary rosin, 
daniar, sandarac, shellac, copal, 
pontianak, is described by Ellis.* 
Nickel, copper, cobalt, palla- 
dium, or platinum may be used 
as catalyzers. The resin may 
be hydrogenated in a melttal 
condition or in solution in an 
inert solvent. Petroleum or 
aromatic hydrocarbons may be 
used as the solvent material. A 
temperat ure of 180° C. is sptK'i- 
fied and a pressure of hydrogen 
of 10 lb. or more. 


TABLE SHOWINC, THE COMPOSITION OF CERTAIN OTL.S AND FATS 

(MoOKE, IllCIITEU AND VaN ArSDEE) 


No 

Material. 

lODlNK NuMHEU 

(-ALCULATED PeUC'KN'I'AU KH 

('ripinal 

Muft'iial 

Lujoid 
Fatty Acid 

Saturjited 

(Jivccndcrt 

Olein 

Linolin 

1 

Cottonseed oil 

110 7 

149 5 

22 6 

26 9 

50 5 

2 

(Cottonseed stearine . 

<S6 0 

149 8 

40 0 

20 5 

39 5 


Peanut oil 

98 0 

121 7 

15 85 

54.9 

29 25 

4 

Corn oil 

110 G 

133 0 

13 0 

46 0 

41 0 

6 

Olive oil 

82 0 

97 8 

12 4 

80 1 

7 5 

6 

Leaf lard , 

63 5 

105 3 

37 0 

52.4 

10 6 

7 

Compound lard 

97.0 

143 0 

29.3 

29.1 

41 6 

8 

A semi-solid hydrogenated 







cottonseed oil 

63.0 

101.0 

34 75 

57 2 

8.05 


A thorough study of the results of partial hydrogenation of cot- 
tonseed oil has been made by Moore, Richter, and Van Arsdel.f 

♦ U. S. Patent No. 1,249,060, December 4 , 1917. fJ- Ind. Eng. Chem., 1917, 451. 
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of 


They state that investigations heretofore have considered the unsatu- 
rateci components as a whole, rather than as individual units and 
that they have studied the physical and chemical changes which take 
place in oil during tlie process of hydrogenation, particularly changes 
in the amount and character of the various fatty glycerideg, and the 
effect of variable factors, such as temperature and pressure. 

I. Hydrqgenat on Curves 

For the mdy o the lyceride change , during hydrogenation, ihc tests 
made on samples ncluded iodine number and iodine number of liquid fatty 
acids, calculation giving the “ component glyi^erides ” (olein, linolin and satur- 
ated glycerides) of each sample. The smooth curves drawn through the points 
])'ottcd on triangular diagrams always, in the cases studied, bad the same gen- 
eral shape, suggestive of the hyperbola, concave toward the right-hand side of 
the triangle I'hc linolm is always found to decrease from that present in the 
original oil and the saturated glycerides always increase, while the olein rises to 
a maximum and then falls continuously. The.se changes are what would be 
exfiecteil, since hydrogenation must cause linolin to disappear, forming olein, 
while olein, hydrogenating more .slowly, would at first increase and then eventu- 
ally disappear, forming stearin, a saturated glyceride. The shape of the curve 
deiionds ufion the relative velocity of these two actions, and it appears that this 
relative vidocity must be subject to important variation, according to the experi- 
iiKuital conditions. 

Effect of Temperature. The re.sult obtained in Fig. 40// may be interpreted 
as follows: while both linolin and olein were hydrogenated faster at the high 
teinjierature than at the low temjierature, relatncly linolin was hydrogenated 
much faster at the high temperature, so that the olein had a greater tendency 
to accumulate under the latter conditions. In other word.s, both unsaturated 
radi ails are acted upon in both cases, but at the higher temperature the more 
highly unsaturated one comes nearer to being wajUd out for hydrogenation th n 
at the lower temperature — the action is more “ selective.’’ This would be the 
case if, for instance, the temperature coefficient of the reaction linolin-olein is 
greater than that of the reaction olein-stearin, but in view of the complicat(‘d 
nature of the glycerides which arc actually present that explanation is doubtless 
too superficial to be the entire truth. 

Effect of Pressure. The influence of the hydrogen pressure upon the courf-;e 
of the hydrogenation may be illustrated by Runs C and D (Fig. iOgg). 

Increasing the pressure is here seen to have the opposite effect to increasing 
the temperature, so that at a high pressure the action is less “ selective ” than 
at a low pressure. An obvious corollary of this conclusion is that it would 
appear to be po.ssible to duplicate at high pressure and high temperature a curve 
obtained at low pressure and low temperature, while the reaction as a whole 
might be made to proceed many times as fast in the former experiment as in 
the latter. 

In this case again a tentative “ mechanism ” may be put forward. It should 
first be noted that the occasional hydrogenation of a linolin chain clear to stearin 
instead of only to olein would have the same apparent effect as would an increase 
in the relative velocity of the olein-stearin reaction. Now if an increase ip 



TABLE OF TESTS FOR HYDROGENATION CURVES, EMPLOYING COTTONSEED OIL 
Abbreviations: LFA, Liquid Fatty Acids; SG, Saturated Glycerides; Ol, Olein; Lin., Linolin 
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Catalyzer Xo 1, Green nickel oxide reduced in hvdr(^gen 4 hours at 320-340° C , nressiire 30-60 Fbs Catalyzer Xo 2, Basic nickel carbonate and 
infusorial earth, calcined and reduced in hydrogen at 400- .500° C , 4-14 hrs , at atm jsph^r’c pressure. 
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hydrogen concentration at the catalyzing surface (such as would be produced 
by increased pressure) .caused an increase in the number of linolin chjiins to 
which four atoms of hydrogen were added at once, the observed effect would 
follow. 

Influence of Percentage of Catalyzer. The influence of percentage of catalyzer 
was illustrated in Experiments C and E (Fig. iOfih). In this case the observed 
result, which shows a divergence in the same direction for increased percentage 
of catalyzer as for increased pressure, seems to be at variance with what is 
commonly understood to be a law of catalytic reactions, namely that if the 
amount (or surface) of the catalyzer be increased, all of the reactions involved 
will be speeded up by exactly proportional amounts. In this case, one reaction 
(olein-stearin) appears to be accelerated more than the other. The scheme 
advanced in the preceding section imiy be made to give a satisfactory explana- 
tion; in that section the concentration of hydrogen at the catalyzing surface 
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KrcrM '.oi'iirni^ed Cjlycrndcs I’ern-nt SatufoiVd (jlyc utf , f’erern^ Satora+cd 6lycenci«b 

Fig, 40/.“ Runs A & B. Fig. iOgg . — Runs C & D. Fig. 40M. — Runs C & E. 


was taken to be the controlling factor. Now increasing the percentage of cata- 
lyzer must m(;r(*ase this concentr.ation, for the average distance between a cata- 
lyzer particle and the hydrogen bubble- surfa<;es is made smaller, thereby decreas- 
ing the lag between the “ demand ” for hydrogen at the catalyzer surface, and 
the supply,” which must be kept up by the processes of solution and diffusion. 
Thus an iniTease in percentage of catalyzer would cause an increase in the forma- 
tion of stearin relative to the change in linolin, as in the two curves reproduced 
above. 

Effect of .Agitation. The influence of degree of agitation on the path of 
hydrogenation was determined first by comparing Experiments C and F (Fig. 4(k0, 
in which an iron apparatus with mechanical agitator was used. “ Degree of 
Agitation ” is a magni tude which is not easily expressed in quantitative form, 
but the r.p.m. of an agitating device may serve as an index of the agitation, 
as least for moderate speeds. 

Another pair of experiments carried out in the glass flask, bubbling hydrogen, 
conditions were identical in both experiments excejit that in Run //, the hydro- 
gen was bubbled through the fliLsk at approximately twice the rate used in 
Run G (Fig. 

In both pairs of experiments the influence of increased agitat on is shown to 
be the same as that of increased pressure or per cent catalyzer, and in the case 
of Runs G and // the variation in the curves is striking. The effect of doubling 
the volume of gas supplied, when the bubbling is already vigorous, may well be 
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t(j increase the true " agitation ” many times. On the other hand, doubling 
the i.i)rri. of a mechanical agitator possibly does not even double the agita- 
tion, since at high speeds there is a strong tendency for the whole body of oil 
to rotate without much disturbance. 

It may readily be seen that the “ mechanism ” suggested in the preceding 
section applies to the present case just as well, since the effect of increasing 
the agitation is to increase the number and surface of hydrogen bubbles and also 
to decrease their average distance from catalyzer jiarticles 

Size of Apparatus. The size of the apparatus m which the hydrogenation is 
carried out ajiparently does not affect the path of the hvdrogenation as appiairs 
from the data of Runs 1 and J (Fig 4()47r) It is of course, not c(‘rtain that 1:15 
r.p.m. produces the same ‘‘ degree of agitation ” in both cases; if the agitation 




Fig. 40n. — Runs C & F. Fig. 40//. — Runs 0 & H. Fig 40Afc.— Runs I & J. 

is really better at this speed in the large machine, the effect of the increase 
in size on the path of hydrogenation s in the opposite direction to the effect of 
increased ag tation. 


Influence of Material of Catalyzer 

When some other catalyst than nickel is used as in Experiment K, in which 
1 per cent palladium (in PdCIi, method of Paal patent*) ac.ted as catalyzer, 
the hydrogenation curve is found to have t.he same general charactc i tics as 
those de-'cribed before. Bubbling ajiparatus was used, a temperature of 135° C. 
and atmospher c pressure. No experiment using nickel catalyzer is available to 
compare directly with it. 


EXPERIMENT WITH PALLADIUM AS CATALYZER 


Run Sample 

Iodine Number 

Percentages Calcui. 

,ATED. 

Fat. 

Liquid Fatty 
Acid 

Saturated 

Glycerides. 

Olein 

Linolin. 

Ko 

108.4 

142.8 

20.6 

33 5 

45 9 

1 

89.1 

125.0 

25.5 

46 0 

28 5 

2 

76.6 

113 1 

29 2 

52 8 

18 0 

3 

64 5 

97 1 

30 6 

63.8 

5 6 

4 

53.0 

90.3 

38 6 

61.3 

0 1 


♦Carl Paal, U. S. Patent No. 1,023,753, April 16, 1912. An equivalent amount of 
solid NazCOs is used as a neutralizing agent. 
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Summary of IIydhocjenation Curves 

To Riimmurizp the ooiirlusions from tlio procodiiiK cxiMTiments, it appears 
that the chemifal eharacter of a partial y hydroKoriated oil is determined by the 
conditions of the hydrogenation, llius to obtain a product of the same iodine 
number as another but relatively higher in saturated glycerides and linolin, 
the operating (conditions should compare as follows with those in the* other case: 
temperature lower, jiressure higher, agitation more vio ent and percentage catalyzer 
greater. It is interesting to note that it s possible to hydrogenate the linolin 
to olein with only the slightest increase in saturated glycerides by operating at a 
high temperature, low pressure and low agitation, and using only a small amount 
of catalyzer 

11. Chanoes in Chemical Constants of Oil During Hydrogenation 

Of all the “ chemical constants ” of cottonseed oil, tlie iodine number (with 
its variations, the '' hydrogen number,” Maum('n6 number and heat of broniina- 
tion), is the only one wlu(*h is changed markedly by hydrogenation. Saponifica- 
tion value, acetyl value, Heichert-Meissl number and percentage of free fatty 
acids change either not at all, or only slightly. 

The droj) in iodine number, however, is one of the most striking efTects of 
/drogenation, and it has Ikmui commonly used in the past to indicate the 
progress of the reaction.* Fokin concludes, from a study of the hydrogen 
absorption, that ” the reduction procedure is included in the category of mono- 
molecular reactions," but notices that the curves “often show a straightening 
out toward the aliscissa axis.” He comes to the conclusion that the conditions 
which determine the shape of the curve are: (a) the velocity of diffusion of the 
gas (presumbly through the oil); (6) the condition of the catalyzing surface; 
and (r) the presence of catalyzer {loisons. Very similar conclusions were pub- 
lished recently by Boeseken,t but most of his work was on organic compounds 
of lower molecular weight than the oils. 

Pressure. Early investigators appreciated the fact that the hydrogenation 
reaction is accelerate 1 by pressure, and Moore, Richter and Van Arsdel state 
that, so far as is kiio vn, all of the commercial oil-hardening processes are carried 
out at gas pressures ranging from 20 to 150 lb. or even higher. Comparison of 
the two curves of Fig. 40// sho.vs th:it the time reciuired to reduce the iodine 
number of the oil to any specified figure is roughly cut in half by doubling the 
pre.ssure, i.e., in these experiments the rate of hydrogenation was approximately 
proportional to the hydrogen pressure. 

Temperature. It is likewise well known that the hydrogenation reactions in 
oil have a podtive temperature coefficient, i.e , the rate is greater the higher 
the temperature, although the thermal decompo.sition of the oil sets an upper limit 
to the available range at about 250° C. The hydrogenation reactions in oil have 
a positive temperature coefficient in the range between 35° and somewhat above 

* Paal-Roth, B^^r., 41, 2282-2291; Fokin. Z. angcw Chem , 22, 1451-9, 1492-1502; 
Bomcr, Z. Nahr. Cenussm., 24, 101-113. 

Paal and his co-workers, and Fokin recorded the volume of hydrogen absorbed 
at various 8tag('S of th (3 process, thereby determining directly the amount of satura- 
tion which had taken place, instead of indirectly by means of the iodine number. 

t Rec. trav. chim., XXXV, 1916, 260-287. 
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200® C. — possibly up to 240® (1., but as may be seim from a siiuly of the curves 
of Fig. 40^2///, this coefficient drops consisbuitly as the temjierature rises. 'I'hus 
for the range of temperatures 3.5® to 125® the time reipiireiJ to reach a certain 
iodine number is on the average decreased afjoiit 35 jier cent for each ]0° rise 
in temperature, while for the range 160® to 200® this coeflicient is less than 20 
per cent. Since the commercial processes nearly all operate at temfieratures of 
160° to 180°, it is evident that no material gain in time could be made by the 
use of higher temperatures, and the point of maximum economy is jirobably 
being realized. 



Fig. 40// 


Fig. 40?ww. 


Fig. 40wa. 


Agitation. The increase in velocity of reaction due to increased agitation of 
oil and catalyzer with hydrogen is shown in Pdg. A{)nn In this case an incTease of 
about 100 per cent in the volume of hydrogen supplied increased the velocity 
of the reaction 800 to 1000 per cent. In apparatus of this type handling 
charges of conimercial size it is not usual to cause such violent agitation as is 
easily brought about in a 2-litre flask, and it is doubtful whether doubling the 
hydrogen supply would, on a large scale, more than double th(‘ reaction-rate. The 
importance of efficient agitation, or of intimate commixture of tlu' oil, catalyzer 
and hydrogen, has apparently been realized by nearly 
all of the workers in this field, as witness the patent 
files, but there is no observation recording such a 
great increase in agitation as the above, brought about 
by such simple means. 

Catalyzer. As in practically all catalytic rea(4ions, 
the speed of hydrogenation is increased as the percent- 
age of catalyzer is raised. 

The time required to reach a given iodine number 
is roughly proportional to he percentage of catalyzer 
(Fig. 40ao). Considerations of outlay required for 
catalyzer preparation and recovery limit the amount 
used in commercial batch processes, however, to 1, or 
at most, 2 per cent. When a very good grade of 
refined oil is used, as little as 0.1 per cent nickel is common practice, high pres- 
sure and agitation being relied upon to reduce the time consumed. 

Summary of Iodine Number-time Curves 

To summarize, increasing the pressure, temperature, agitation or amount of 
catalyzer will increase the rate at which cottonseed oil is hydrogenated. This 
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increase in rate is roughly proportional to the increase in pressure or amount of 
catalyzer, whik; raising the temperature 10® in the region of common practice, 
160° to 180®, increases the rate only about 20 per cent. Increase in agitation 
(difficult to measure quantitatively) produces a marked increase in the reaction- 
rate. 

111. (’Changes in Physical Constants of Oil During IIydrocjsnation 

The most striking effect of the hydrogenation of an oil is, of course, the 
gradual increase in solidity, with the accompanying change in such physical 
(;onstarits as melting-fioint. and titer. 

Melting-point. Oil was hydrogenated with mechanical agitation of 108 
r.p.m., temperature 160° C , pressure 20 lb., catalyzer per cent, nurkel on a 
carrier. The melting-point and iodine number were among the constants deter- 
mined on each sample, and these constants compared as follows : 



Mo 

Ml 

M 2 

Ma 

Ma 

M. 

Ml 

M (4 t ing-point, ° C . 

9 0 

39.4 

40 8 

45 8 

48 0 

48.9 

60 5 

Iodine number 

107 

74.3 

66 7 

61.0 

54.5 

48.5 

0 4 


There (!an be no doubt that while the two ends of this curve remain fixed, 
the iiitermediab' iioints arc capable of (Wisiderable variation from the curve, 
depending on the conditions of hydrogenation. We have, for instance, the jioints 
A and B on Pig. 4t)p/). Sample A was made by one of the “ cont nuous ” processes 
from the same kind of cottoii-oil, while Sample B was made at a very high tem- 
perature. 

Titer. The titer of an oil or fat, being the solidification-point of its fatty 
acids, might be expected to share the characteristic of the melting-point of the 
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Fig. 407771 . Fig. 40qq. Fig. 407T. 

fat, namely, a gradual increase of hydrogenation. It is found, however, to show 
the peculiarity of first decreasing, passing through a minimum, and then increas- 
ing steadily. Cotton-oil was hydrogenated with 5 per cent of nickel, on a ear- 
ner, in one (!ase at 125° (1, and in the other at 200° C. liter and iodine 
number were among the determinations made on each sample. In Fig. iOqq titer 
is plotted against time and in Pig. 40rr against iodine number. 

The apparently anomalous fact that the addition of more saturated, higher 
melting acids at first Iowits, iii.stead of raising the solidification point is evidently 
due to the existence of a cutectii;, or low melting mixture of the components. 
According as the path hydrogenation carru^s the composition close to or far 
from this point the minimum attained will lie lower or higher. PYom Pig. 407T 
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it is evident that the low-temperature run passed closer to the eutectic point 
than did the high-temperature run. Below iodine number 50 the two runs were 
practically identical, as would be ex|x^cted from the fact that since linolin has 
largely disappeared the two hydrogenation (uirves of component glycerides cannot 
differ very greatly. 


. IV. Response to Halphen Test 

Hydrogenated cottonseed oil was first stated by Paal and Roth * to give 
no (coloration when subjeccted to the characteristic llalphen test t and the same 
statement has been made by later investigators. I’he anunint, of hydrogenation 
which is required to render the oil just incapable of rcs|)onding to the test was 
investigated by Moore, Richter and Van Ansdel. To determine that, point a 
quantity of oil was hydrogenated at a temperature of 150° to ]()0° C., 2 per 
cent nickel on a (carrier acting as catalyzer. Samples were taken ((r) of the 
origin'll oil, (b) of the mixed oil and catalyzer before heating, (r) of the mixed 
oil an 1 catalyzer when heated to 150° C , five minutes being re(]uired to reach 
this tenifierature, (d) after three-minute hydrogenation, (c) after niiK'-mmute 
hydrogenation, and (/) after fifteen-minute hydrogenation. A similar sam])le of 
oil was heated to 150° to 160° for twenty minutes in the absence of any hydro- 
gen or catalyzer, and was then found to give the same mtciLsity of Halphen test 
as Sample a. The other samples gave tests as follows: 


lodino 

8ampl<* Number. Ih'Hult 

h 104.0 Not noticeably diminished 

c 10H.7 Distinctly weaker test 

d 102 7 Faint test in 3 minutes 

e 101 3 Faint test after heating IJ hours 

/ 97 6 Negative even after heating 1 \ hours 


A drop of four units in iodine number may be said to have destro3'^0d the 
chromogenetic substance. 

Mlsckllankous Publications on Hydrogenation 

A paper by Lessing on Catalysis in tlie gas iniJustry appears in 
J. Gas Lighting, 1914, 127, 570-573; see also J. S. C. 1., 1914, 1193. 
Rivals t discusses the subject of oil hydrogenation quite fully. The 
hydrogenation of oils and fatty compounds is described by Jaubert § 
who gives an outline of the whole industry, including a discussion 
of catalysis, the production of hydrogen and the hydrogenation of 
fats, with a detailed description and drawings of processes used by 
a number of the largest concerns in the world. The same subject is 
d'seussed by Ueno who refers to the following subjects: hydrogena- 

♦Paal and Roth, Ber., 42, 1909, 1541-1553. 
t J. A. O. A. (’ , No. 3, II, 1910, 313. 
t Rev. gen. chem., IS, 9-2G, 1915 
§Rcv. gen. cheni., IS, 117-33, 141-00, 1915. 

II J. Chem. Ind. Japan, 8, 545-65, 1915; Chem. Abs., 1916, 535. 
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tion of sardine oil on a scmi-commorcial scale; examination of the 
intermediate pi-cducts of hydrofrenation ; durability of the activity 
of nickel and revivification of spent catalyzer; hydrof^enatioii at 
low temperatures; and the relation of the catalytic activity of nickel- 
kieselp:uhr catalyzer to the proportions of the nickel and its carrier. 
A description of the Wilbuschewitsch apparatus and its •manipula- 
tion for the manufacture of hardened oils and of catalyzers is givc'n 
by Schicht.* Sjoquist,t describes the W ilbuschewitsch process and 
some experiments made in the laboratory on the hardening of fats. 
The catalytic hardening of fats is discussed by Siegmund.t An 
address given by Hertzog on the subject of fat hardening appears in 
the Seifensieder Zeitung, 43, 589. § A comprehensive account of the 
history of the hardening proc(\ss, pi'opert.ic's of hardened fats and 
their utilization for various technical purposes and for food is fur- 
nished by Fahrion-ll The hydrogenation of fats is reviewed by Red- 
grove, and the review includes a discussion of the following topics; 
historical catMysts, apparatus, and uses. No new rnatcTial is intro- 
duced, but the patent literature is largely drawn on. Klimont ** has 
published a paper on te"hiii(!al oil hardening apjiaratus. An interesting 
and useful summary of some of the more recent applications of catalysis, 
especially in inorganic chemistry, is publislnal by Jobling in a book 
entitled “ (Catalysis and Its Industrial Applications,” Blakiston’s Son 
k Gompany, 19 lb. The book contains a brief chapter on hydro- 
genation and catalytic material used in carrying out hydrogenation 
processes. According to the Journal of Industrial and Engin(‘ering 
Chemistry, 1918, p. 158, the Tariff (bmmission of the United States, 
in making an inquiry in regard to chemical industries, proposes to 
study, as one subject, the development or invention in the United 
States or abroad of new or improved processes which are likely to 
influence the (conditions of international competition; for example, 
the hydrogenation of fatty oils. 

In a German patent application filed June 14, 1913, by the Bremen 
Besigheimer Oelfabriken, the claim is made for the transformation 
of drying oils such as soya bean oil, sunflower oil and linseed oil to 


I, 


♦Seilen. Ztg., 1914, 11S9. 
fDout. Parfurn. Ztg., 1910. 7; 
1206. 


Scifen. Ztg., 1916, 234 and 257; Chera. Zentr., 1916, 


J Oeeterr. Chom. Ztg., 1916, 19, 

§See also phann. Po.st. 49, 309; Chem. Zentr., 1916, I, 12H2, II, 

11 Naturwachn. 4, 28.3-7; C'hon,. Zetr.. 1916. H. 2S5; Clhem. Ate.. 1917. 


2157; 


Cheni. Umschau, 1916, 23, 

^ Chem. Trade J., 60, 273. 

** Chem. Apparatur, 1916, 3, Nos. 3 and 4; Soifen Ztg., 1916, 168. 
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non-drying oils by partial hydrogenation.* * * § Hydrogen is added until 
a sample tested with the refractometer shows that the oil has lost 
its drying properties. A careful review on the hydrogenation art 
is presented by Bergius together with certain figures as to cost of 
hydrogen and catalyzer, which arc of interest.! Ellis has reviewed 
the progress of the industry in Oil, Paint & Drug Reporter, Oct. 26, 
1914, p. 18. A paper by Jaubert on the hydrogenation of oils and 
fats appears in Memoircs de la soci^^te des ingenieurs civils de b'rance, 
Vol. 67 (1915), No. 7-12, 305-353. In a review by Fabris of the 
fatty oil industry t the subject of hardened or hydrogenated oils is 
discussed. LTndustrie Chimique, Apr., 1916, furnishes data on 
various oil hardening plants. Laboratory experiments on oleic acid 
vapor in a stream of hydrogen under redui^ed pressure, on liquid oleic 
acid and hydrogen under various pressures, and on the reduction of 
cottonseed oil by hydrogen under high pressures are reported by 
Shaw§ (see p. 26). To effect reaction between gases and liquids 
Andersen proposes the use of what he terms ‘‘ porous metals ” and 
their alloys as catalysts, such as iron, uranium, tungsten, etc. The 
walls of the vessel in whi(!h the reaction t,akes place may be coated 
with the porous material. || Robson 1| reports that oils o])tained from 
the waste lyes produced in the manufacture of sulphate pulp for paper- 
making are sent to Emgland to be hydrogenated. Robson comments on 
the early history of hydrogenation of fatty oils, especially the Nor- 
mann patent. The treatment of wool grease with hydrogen to im- 
prove its quality is proposed by Ellis.** * * §§ A method of adding the 
elements of water to unsaturated organic acids is advanced by Schicht 
A. G.,and Griin ft which consists in heating a salt of the acid, e.g., 
linolic acid under pressure, with water, in presence of a small (pian- 
tity of an alkaline substance. In lieu of free hydrogen a body capable 
of liberating hydrogen on contact with a catalyzer is proposed by 
Kayser tt for hydrogenating fatty oils. Borneol is recommended for 
this purpose. Boehringer and Soehne §§ hydrogenate unsaturated 

* Seifen. Zeitung, 1915, No. .3, 51. 

t Zeit. f. angew. Chem., 1914, 525. 

t Chem. Abs., 1915, 2602; Ann. chim. applicata, 1915, .349. 

§ J. S. C. I., 1914, 771. 

II J. S. C. I., 1913, 999, French Patent No. 457,569, May 7, 1913, English Patent 
No. 7,S39, April 3, 1913, Seifon. Ztg., 1914, 1174. 

*11 Drugs, Oils and Paints, 1914, 211. 

** U. S. Patent No. 1,086,357, February 10, 1914. 

ttOcrinan Patent No. 287,660, July 16, 1914; J. S. C. I., 1916, 186. 

J. S. C. I., 1915, .560; U. S. Patent No. 1,1.34,746, April 6, 1915. 

§§ Chem. Abs., 1916, 1080, 1780; British Patent No. 21,883, November 2, 1914; 
Swi^ Patent No. 71,689, February 1, 1916. 
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substances in solution or suspension in water or alcohol, using a cata- 
lyzer of the nickel group. In a Japanese patent issued to the Hydroil 
Co., Ltd.,* unsaturated fatty acids, their gly (derides, and other esters, 
are treated with hydrogen or hydrogen-containing gases in the pres- 
ence of heated powdered metallic oxides, by means of which their 
saturated compounds are ol)tained. Schmidt and Bladkenhom f 
propose to (;arry out catalytic^ hydrogenation by employing as the re- 
ducing gas, carbon monoxide admixed with water vaix)r. The process 
is recommended in coniK'ciion with the reduction of nitrobenzene to 
aniline. BamitzJ observes that the (consumption of hydrogen by fatty 
oils varies usually betw('en 2870 and 4300 (‘u.ft. per ton. It has been 
stated § that 1 ton of oleic acid requires 2800 cu.ft. of hydrogen, while 
a like amount of triolein calls for 2080 cu.ft. of the gas. A process for 
solidifying fats, fatty oils, miiKU’al waxes, or mineral oils and converting 
them into dry pulverulent products by means of malt extract or malto- 
dextrin is described by Hamburg. || An apparatus for hardening oil 
is described by Uchidall and comprises the following elements: a con- 
tainer for th(' fats and oils, a supply pipe for hydrogen, a devi(‘e for 
breaking up the current of hydrogen into bubbles, and discharge pipes 
for the wast(‘ gases.** A pamphlet giving a brad survc'y (d‘ oil hardening 
has been published by Fahrion,tt L’lndustrie Cliimiqiie (April, lOlG) 
reviews the subjecl of oil hardening. 

A jirocos:? of hydrogenating oils which has been devised by Walker involves 
IIk' use of a closed recejitacle in which a body of oil to be hardcn(‘(l is plaiced 'This 
oil contains hnelv-divided catalyzer The receptacle coiuams a shelf supporting 
a bed of catalvz(‘r which is placed above the body of the oil The mixture of oil 
and fin(‘ly-divided catalyzer is pumped from the bottom of the receptacle to the 
toj) where it is sprayed upon the bed of the catalyzer and passing there through 
collects in t he body of oil beneath The latter is stirred by an agitator while hydrogen 
is blown tlirough the oil The unabsorbed gas is withdrawn from the top of the n^cep- 
tacle and is passed through a condenser to remove moisture It is then returned 
to the bottom of tlu^ rccejitacle Thus both the oil and the gas are constantly 
circulated through the oil container A comi>ilation of patents of the United States, 
Great llritain and Germany, relating to the manufacture of butter substitutes, 
hydrogenated oils and milk products having substituted fats, has been prepared 
by Mock & Blum, patent lawyers, 220 Broadway, New York City, 

* No .S(),(l.^i7, Sepi ember 19, 1010. 

tU. S. PaWnt No. 1.2:37.S2S, August 21. 1917. 

t Met. Chem. Kng., April 1, 1910. 

§J. S. G. I., 1914. 1140. 

II French Patent No. 466,419, December 20, 1913; J. S. C. I., 1914, 603. See also 
British Patent No. 29,481, 1912; J. S. C. I., 1913, 672. 

H Japanese Patent No. 31,304, July 12, 1917; Gheni. Abs., 1918, 234. 

** See also Asahi Electrochemical Co., Japanese Patent No. 31>393i August 7, 1917; 
Chem. Abs., 1918, 234. 
tt Die Hartung der Fette, Braunschweig, 1915. 
tt U. S. Patent 1,276.290, August 20, 1918. 



CHAPTER IV 


CATALYZERS AND THEIR ROLE IN HYDROGENATION 
PROCESSES 

The Base Metals as Catalyzers 

Catalyzers, those bodies which modify reaction velocity without 
stoichiometrical ])artici])ation in the reaction, are destined to find 
another important industrial application in the hardening of oils.* 

For present ])urposes a (catalyzer may be simply, though less ac- 
curately, defined as a matcTial or ‘‘ exciter ” which brings about a 
reaction betwe(‘n substanc.(‘s otherwise incapable of reacting, the cata- 
lyzer itself at the end of the reaction being unchanged. Thus fatty 
oil and hydrogen do not unite n^adily unless nickel or some other 
catalytic body is ])rcsent to s(irve as a carrier or go-betw(^en to bring 
about the reaction. 

The previous illustrations show the variety of methods j)roposed 
for mingling oil, hydrogen and catalyzer. Among these are sev(‘ral 
of excellent efficiency. But, after all, the virility, so to speak, of the 
process, d(‘pends on the catalyzer. With a powerful catalyzer the 
hydrogenation of oils becom(\s a rapid, simple procedure; almost, it 
sometimes seems, independent of the nature of the hydrogenating 
apparatus. 

Catalyzers recognizcnl as us(^f ul for the purpose are nickel and palla- 
dium, although platinum, copper, iron and other metals have been 
used to some extent. Nickel oxide, as stated, has been employed by 
Bedford and Ipatiew. Wimmer recommends organic salts of nickel, 
such as the formate, acetate or lactate. 

As nickel is probably the most important of these catalyzers, in 
view of its efficiency and relatively low cost, it will be first considered. f 

* Abel. Zcitsch. f. Flektrochem. (1913), 933-951, gives a bibliography on catal- 
ysis. Conroy, J. S. C. I., 1902, 302, discusses the industrial side of catalysis. See 
also Jobling, Chem. World (1914), 17; Agulhon, J. Agr. tropicale (1913), 375; Stern 
on Catalysis, Fortschritte d. Chem. Phys. u. Phys. Chem. (1913), 249. A very good 
review of the subject of oil hardening and the catalyzers employed for the purpose 
is contributed by Meyerheim, Fortschritte d. Chem. Phys. u. Phys. Chem. (1913), 
293. Another review appears in the Bulletin of the Imperial Institute (1913), 660. 

t Nickel is recommended as the best catalyzer for hardening whale oil, Seifen. 
Ztg. (1913), 1412. 
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The preparation of an effective nickel catalyzer requires considerable 
care. Ihe oxide or hydrate of nickel is first obtained by ignition of 
nickel nitrate, or precipitation of nickel Icydrate from, say, a nickel 
sulfate solution by the addition of an alkali. Obtained in this or in 
any other suitable manner, the next st(‘j) is the reduction to metallic 
niekel. For this purpose the nickc'l is jdaced in a rece})tacle which 
may be heated controllably, and hydrogen gas is passed over the mass 
at a temperature ranging from 250° to 500° ( 1. or so, until water is no 
longer evolvc^l. 

1 he most sensitive catalyzers are obtained by reduction at the 
lowest i)ossible tem])eratures. Nickel begins to reduc^e ))elow 220° C., 
but at 270° (\ the reduction is not (complete even after long duration 
of exposure to hydrogen. A temperature of 300° to 350° C. gives 
fairly complete reduction and is a satisfactory working range. The 
lower the temperature at which the nickel is reduced, the more sen- 
sitive it is to various external influences, hence tlie preparation of 
this (catalyzer should be conducted not only witli r(\s])('ct to degree of 
activity, but also with respect to longevity. 

Nickel is easily poisoned by chlorine and by sulfur in the sulfide 
form.* The author has not experienc^cHl unfavorable rc^sults from the 
use of hydrogcui gas passcMl through a wash bottle' containing concen- 
trated sulfuric acid and then conveyed directly to the catalyzer and 
oil. Traces of the acid were entrained by thc^ gas, but the catalyzer 
remained in active condition during about two weeks usage under 
these conditions. 

Copper is mucdi less sensitive to poi.sons than nickel, but on the 
other hand it is much less active. f 

(Catalyzer made from the heavier forms of the oxide without sup- 
porting material, weight for weight, is hardly as efficient as when the 
active surface is increased by the use of a c.arrier. Hence we find 
many proposals for the production of catalyzers with a great diversity 
of carriers and extenders, ranging from pumice stone and kieselguhr 
to charcoal and sawdust. 

* The albumin eoniained in animal and vegetable fata and oila ia a aourec of 
sulfur-containing gases (Bedford and Erdmann, Jour. f. prakt. Cheiii., 191 d, 426). 

t Mailhe (Rev. gen. sei,, 24, 650) describes the scientific and technical uses of 
active nickel as catalyst in the reduction of organic compounds and in the hydro- 
genation of oils. He also discusses the catalytic properties of finely-divided copper 
and the commercial possibilities of metallic oxides (especially ThOj) as catalytic 
agents in processes requiring elimination of water (or water and hydrogen, depending 
on temperature) from organic compounds. Drawings are given, showing forms of 
apparatus. Much stress is laid on the maintenance of proper temperatures and on 
the use of pure hydrogen. 
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After reduction of nickel, as above, it should be kept out of contact 
witli air as it is usually extremely pyrophoric and quickly loses miudi 
of its efficiency on exposure to the air.* Consequently when treating 
oil with such a catalyzer, it is advisable to free the treating apparatus 
from air by flushing with hydrogen; also it is sometimes beneficial to 
heat the oil and bubble hydrogen through it for a short time prior to 
the introduction of the catalyzer. 

The use of nickel as a contact body by Mond,t in 1888, is of historical 
interest in view of present developments. Mond found that if (car- 
bonic oxide or gaseous hydrocarbons be brought into contact with 
metallic nickel at a temperature of 350° to 400° C., or with metallic 
cobalt at 400° to 450° C., de{com})osition takes place into carbon and 
carbonic acid or hydrogen, the carbon combining with the nu'tal. If 
now steam, at a moderate temperature, be introduced, this carl)on 
combines with oxygen to produce carbonic acid, with simultanc'ous 
formation of free hydrogen. These various reactions take place 
simultaneously when the steam is passed through the a])paratus along 
with the carbonic oxide or hydrocarbon, the ultimate products being 
carbonic acid and hydrogen. The fornuT can be eliminated by any 
suitable means, such as by washing with milk of lime. The cobalt 
or nickel surfaces may be o])tained by impregnating pumice stone with 
a solution of the metal, and reducing.! 

The Mond and Langcr British Latent 12,008, of 1888, is entitled Improvements m 
Obtaining Hydrogen. From the 8{)ecifieation the following is quoted: 

“By the distillation or incomplete combustion in the presence or in the absenci' 
of steam, oil, lignit(‘, wood, coke, animal carbon or organic substances in gcmeral, 
gases are obtained which consist chiefly of hydrogen, carburets of hydrogen, mon- 
oxide and dioxide of carbon and a greater or less quantity of nitrogen. Tin* objetit 
of our invention is to eliminate from these gases the monoxide of carbon and the 
carburets of hydrogen, and at the same time to increase the amount of hydrogen 
contained. 

“ If a mixture of monoxide of carbon or carburet of hydrogen and steam be heatc'd 
to white heat in the presence of firet)ricks or of oxide of iron, th(i latter is decomposed 
and the carbon of the gases is oxidized to carbon dioxide and the hydrogen set at 
liberty. The high temperature required for this reaction renders it of little profit 
and it is difficult to produce it on an industrial scale. We have found that if mon- 
oxide of carbon and hydrocarburets be placed in contact with metallic nickel or 

* Wimmer and Higgins (Seifen. Ztg. (1913), 556) prepare catalyzer by reducing 
the active material while it is enveloped in a jirotecting material, oil being recom- 
mended for this purpose. 

t British Patent 12, (>08, 8ept. 1, 1888. 

J The use of nickel in the catalytic reduction of carbon monoxide to methane is 
set forth in U. S. Patents to Elworthy 738,303, Sept. 8, 1903 ; 777,848, Dec. 20, 
1904; and 943,627, Dec. 14, 1909. 
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cobalt at a tcMriperaturc not exceeding a r(*(l liiiat, thcHo f^asea arc decoinpoaed into 
carbon and dioxide of carbon on the oik* liand and hydrogen on the other; the free 
carbon ho formed placed in contact with steam at a moderate' temperature decom- 
poses (,he latter and forms dioxide of carbon and hydrogen. 

If the steam and the gases are mixed from the commencement, the* two redactions 
take' place simultaneously and the result is a gas practically free from Ineinoxide of 
carbon anel hydrocarburets. It is quitei jiossibh' tei attain our eibjede'-t by carrying 
out edonseeaitively the two above'-rnentioned reaedtieins anel by rc'pe'ating them con- 
tinually with the same quantity of nickel and ceibalt which will always be* re'gen- 
erate'd. We pre^fer, however, tei carry out the'se two reactions simultane'emsly, 
at the' same time ernpleiying the least possible amount of nieda'l and eiobalt; with 
this object we* sjiroad the aforesaid metals on an indifferent re'frae'teiry and jieireius 
mate'rial. Feir edxamjile, we saturate* ])iee;(*H eif pumice stone with a solutiein e)f chloriele 
eif mckd eir cohall, elry and reduce at a higher temperature with hyelreigen. 

“In carrying out our invention inelustrially we k'ael the gasedS with an e'xedess eif 
ste'am into re'torts or e‘.ylinders tixeei in a suitable furnace anel containing pieedt's of 
pumiede stone impregnated with nickel eir ceibalt as above mentione'd. W^hen nickel 
IS usedd, tiled reaction takeds plaedc at a te'mpe'rature* eif SfiO® tei 400° C. If ceibalt be* 
usedd, at a tem])(*rature' of 400° to 450° ( ^ The* re*actions which take* jilace* be*twe*e'n 
the gas and the steam produede he*at sei that the give*!) tempedrature once* ridached the 
re'aedtion goes on eif itself without lUdedel of external lu'ating. 

“It may, however, bo advantage*ous to use gases or steam or beith, he'at-e*d tei a 
suitable temperature before they are plaeied in the* re'teirts. The gases so treated 
e'ontain little* or no monoxide of carbon. The carbeniic aediel eian be se'parated in any 
kneiwn manner, sucdh as by passing the gases through lime* eir caustied alkali. 

“ The feiregoing procc'ss eliffe'rs entirely freiin the plan of using an easily reduccdd 
oxide* and oxidizing the carbonic oxide or hydrocarbons by means eif that oxielo at 
a bright redd h(*at, as in our case no oxide* is iise*d, but a metal having but little affin- 
ity for oxygen, but a ede)nside*rable affinity for carbein. Thed medtal de'priveds the 
carbonic oxide* of a part eif its carbon anel gives the latter up to the oxygen of the 
steam. This is done at a heat much below that at which oxide of iron or other like 
oxide would give up its eixygen. “ 

Monel and Langer lay claim to thed process of obtaining hydreigen by means eif 
gases containing carbon monoxide with or without hydrocarbons which consists in 
treating such gaseds with metallic nickel eir ceibalt and with steam and separating 
from the hydrogen the carbemied aedid resulting from suedh a treatment. 

Tliedy also claim the use of pumice stemed or other similar peirous substance impreg- 
nated with one or more salts of cobalt or nickel so as to provide, when reduced, an 
extended metallic surface with only a small amount of actual metal. 

These extracts are given because of the use by Mond and Langer, in 1888, of 
reduced nickel or cobalt on porous refractory material for catalytic purposes, although, 
to be sure, the object of the process was to produce hydrogen rather than to cause 
its combination with unsaturated bodies. 

Carbon and hydrogen combine with difficulty, especially to form methane. At 
the ordinary pressure in the presence of nickel oxide, reduced nickel or a mixture 
of nickel and alumina, and up to 625° C., there is no formation of methane. Under 
great pressures its synthesis only occurs above 500° C. in the presence of the above 
substances or mixtures, and so much the better as the temperature becomes greater. 
In the presence of water and nickel, methane is decomposed at 500° C. into hydrogen 
and carbonic acid. The inverse reaction, i.e., reduction of carbonic acid to methane 
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in th(' prwenco of nickol and an (*x(;okh of hydrojron al, ordinary proBsure, occurs at 
450° C. Results arc the same with nickel oxide. (Chem. Trade Jour., Oct. 25, 1913, 
414.) 

At ordinary pressure no methane is formed by combination of its elements in 
the presence of catalyzers such as nickel or nickel oxide, but under hi^h pressures 
and at a temperature of 510° to 520° C., methane is formed. (Ipatiew Chem. Ztg. 
Rep. (1914), 15.) 

Acetylene is converted int,o ethylene by treatment with hydrogen under pres- 
sure in the presence of catalyzers. The Elektro Chcmische Werke G. m. b. H. 
(Zeitsch. f. angew. Chem. (1913), ref. 044) find that the iiroduction of ethylene from 
acetylene and hydrogen on a (;ommercial scale is ditliciilt, due to the gradual loss 
in th(; cfficierHiy of the catalyzer. Even though the usual precautions are taken to 
remove the recognized poisons, such as hydrogim sulfide, sulfurous acid, chlorine 
and the like, then' still remain in the gas certain impuritii's which cannot be elimi- 
nated by th (5 usual absorpt ion reagents. Accordingly it is recommended to wash 
the hydrogen with (;onc(mtrated sulfuric acid, then t,o jiass it over solid (faustic 
soda, which treatment, is said to remove the troublesome bodies. To effect the 
combination of the unaltered ethylene and hydrogen in tlu' gaseous mixture result, ing 
from the jiassage of thi'si' gases over a catalyst, the product, is again passed ovit 
the catalyst under pressure* d'he ri'aedioii is stated to be (juantitative and instan- 
taneous. Nickel or a metal of the jilatinum grouj^ may be used as a catalyst. 
(German Patent 205,171, Oct 10, 1912.) 

From a very lengthy paper published by Sabatier and Senderens * 
the following items on the preparation and use of catalyzers have been 
noted. 

Access of air to the catalyzer oxidizes it and destroys or diminishes 
its activity. To jirepare (catalytic material one should use an oxide 
quite free of chlorine or sulfur. Good results are obtained by dis- 
solving the metal in pure nitric aedd and forming the oxide by calcina- 
tion at a low red heat. Reduction of the oxide should be with pure 
hydrogen, free from chlorine or sulfur. Reduction should take place 
at a low temperature, always below a red heat, or the catalyzer will not 
be efficient. 

Nickel reduced at a red heat has practically no activity. At 300° C. 
it gives a very active material if \ised immediately. It is better, how- 
ever, to employ a temperature of 350° C. Copper is best treated at 
300° C., while cobalt f requires 400° C. Iron is difficult to reduce. 
At 450° C. some 6 or 7 hours are required to completely transform the 
oxide into the metal. Nickel and copper are actually reduced near 
200° C., so even if some oxidation of the catalyzer were taking place, 

* Ann. de Chira. et de Phys., J905 (4), 319. 

t The reduction of cobalt oxides by hydrogen and carbon monoxide at different 
temperatures is described by Kalmus. (Jour. Ind. Eng. Chem. (1914), 112-114.) 
^or some metals the minimum temperature of reduction is lower with carbon mon- 
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because of the presence of oxyj^en in the hydrogen gas, immediate 
reduction would occur thereafter. 

The hydrogen employed is dried with sulfuric acid, is tluui passed 
through a tube of Jena glass filled with copper turnings maintained 
at a low red heat and finally goes through a long tube filled with 
fragments of caustic potash. 

The catalyzer should be prepared in the tube in which the material 
to be hydrog(mated is treated. 

For high temperatures a copper tube heated in a bath of equal parts 
of sodium and potassium nitrate (which melts at 225° C.) may be 
used. 

With regard to the life of the catalytic material the investigators 
state that there are three periods noticeable. 

1. A short ])eriod when the catalyzer is becoming accustomed to 
the atmosphere of hydrogen and the body to be tr(;ated. 

2. A period of normal activity. 

3. A period of decline.* 

The second or normal period is generally very long, if no trace of 
bodies capable of altering the surface of the metal is presimt. For 

exampl(‘, with a nickel catalyzer good results were secured for one 

month in th(^ transformation of benzene into cyclohexane. The 
operation was int(‘rrupted each night and resumed the next morning. 
The slight oxidation over night did no harm as tlie oxide was redu(;ed 
again the next day at the temperature of working, which was 180° C. 

If in tlu' hydrogen there is a trace of certain bodies, the action of the 
catalyzer is rajiidly suppressed. Even tiny traces of chlorine, bromine, 
iodine or sulfur paralyze the nickel. Nickel obtained from oxide 
carrying a little chlorine is usually devoid of activity. Nickel from 
oxide containing a trace of sulfur is likewise inefficient. The pres- 
ence in the hydrogen of even faint traces of hydrochloric acid, hydro- 
gen sulfide or selenium compounds produces the same disastrous 
effects. Traces of bromine in some phenol which was used paralyzed 
the nickel. The same thing happened with benzol containing this 
compound. 

Catalyzers finally lose their efficiency either by traces of poisons 
or by a deposit of tarry or carbonaceous material on the catalyzer 
particles. On dissolving spent nickel in hydrochloric acid a fetid 
gas is evolved and brown carbonaceous material is deposited. 

According to Sabatier and Senderens the operation should be con- 
ducted to prevent liquid coming into contact with catalyzer. The 
temperature limits practically are those imposed by maintaining the 
* These periods are similar to those noted in the case of ferments. 
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siil)stancc in a state of vapor. Too high temperatures som(4imes 
cause decomposition. Benzene becomes cyclohexane at tempera- 
tures up to 240° C.j but at 300° C. the cyclohexane gives benzene and 
methane : 

3C6Hi2 = 2C«nfi + 6CH4. 

Copper and platinum work well in case of ethylene groups, but are 
not satisfactory for hydrogenation of the aromatic ring. Nickel is 
effective on the latter.* 

Some peculiarities of catalytic ni(;kel have been recorded by Sen- 
derens and Aboulenc.f These investigators state that the tempera- 
ture at which nickel oxide is reduced by hydrogen is found to depend 
on the mode of preparation and treatment of the oxide used, there 
being also a considerable difference between the temperature at which 
reduction commences and that at which it is complete. Compkde 
reduction is not effected below 300° C., but th(^ mixture of metal and 
oxide thus obtained is more active than the metal prepared by total 
reduction at a higher temperature, the activity of reduced nickel being 
diminished by heating to a comparatively high temperature, although, 
at the same time, its catalytic properties are rendered more permanent. 
Pyrophoric nickel, when heated in the air, furnishes an oxide which 
is reducible at a comparatively low temperature, and reduced nickel 
of impaired activity may be restored, therefore, by oxidizing it and 
again reducing. 

According to Moissan the protoxide of nickel in hydrogen at 230° to 
240° C. blackens and reduces, giving a body pyrophoric at ordinary 
temperature. Muller states the protoxide of nickel at 210° to 214° C. 
in hydrogen loses 11 to 14 per cent of oxygen, apparently giving 
nickelous oxide which corresponds to a loss of 10.7 per cent oxygen. 
At 270° C. it passes into the metallic state. For hydrogenation the 
anhydrous or hydrated oxide of nickel supported on pumice is reduced 
at 270 to 280 degrees (Brunei) ; 280 degrees (Leroux) ; 255 to 2G0 de- 
grees (Godchot); 245 to 250 degrees (Darzens). 

Senderens and Aboulenc, however, after a protracted investigation, 
recorded results which in brief are as follows: 

(a) Anhydrous nickel oxide: This oxide becomes green a little 
above 200° C. in presence of hydrogen, but the reduction commences 
only at about 300° C. and is slow at 330° C. It goes on much faster 

* Sabatier has reviewed the subject of catalytic action in organic chemistry, the 
publication appearing as Vol. Ill of the Encycl. de Science Chimique applique aux 
arts industriels. 

•it Bull. Soci Chim. (1912), ii, 641. 
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at 380° C. up to two-thirds the amount of water which should be 
evolved. There reduction stops. To get complete reduction the 
temperature has to be raised to 420° C. The nickel obtained is 
pyrophoric. It serves very well for the hydrogenation of carbon 
monoxide, carbon dioxide, benzene and toluene, but does not work 
well with the phenols. 

(h) Nickel oxide obtained by calcination: This shows a great re- 
sistance to reduction. It is necessary to raise the temperature to 
420° V. to obtain two-thirds of the water of theory and to a red heat 
to secure complete reduction. Heated to this last-named temperature 
the product is inactive even with carbon monoxide which is very easily 
hydrogenated. It is pyrophoric, however. The efficiency of nickel 
as a catalyzer does not depend on any pyrophoric property. Non- 
pyrophoric nickel has been prepared which is a good catalyzer. Re- 
duction of the oxide {h) at 420° C. gives about one-third oxide with 
two-thirds metal. This mixture is active and pyrophoric. It easily 
converts water gas into methane. 

(c) Hydrate of nickel: Introducing hydrate, prepared in the labora- 
tory, into the tube used for reduction, the dehydration was very slight 
at 200° C., while at 230° C. reduction took place and at 270° C. de- 
hydration and reduction progressed, but rather slowly. In another 
experiment the same hydrate ’’ was reduced after gently heating in 
a crucible to remove the water. The reduction presented the same 
variations commencing about 230° C. and j)rogressing very gently 
up to 270° C. at which point water was given off regularly for 6 hours 
in an amount corresponding to one-third the total expected from the 
reduction of the oxide. At 300° C. two-thirds of the water was col- 
lected and at 320° C. the remainder was obtained after treatment for 
several hours. 

Another hydrate of nickel furnished by a chemical supply house 
was more difficult to reduce, not giving off as much water as the pre- 
ceding at temperatures 20 to 30 degrees higher. 

Oxides of pyrophoric nickel: These may be obtained by letting 
pyrophoric nickel oxidize in a thin layer in the cold or by heating. In 
the cold the oxidation is variable; when heated the reaction is com- 
plete in a moment. The oxides obtained in this manner commence 
to reduce at a temperature much lower than those from which the 
pyrophoric nickel was derived. For example, the oxide resulting 
from the simple exposure to the air of the pyrophoric nickel obtained 
from the hydrate (c) was reduced at 210° C. by hydrogen, giving about 
one-half the theoretic water. 

The oxide obtained by moderate calcination in the air of this same 
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pyrophoric nickel takes up hydrogen at 250° C. giving off half the 
theoretic water; after which, to complete the reduction it is neces- 
sary to raise the temperature as in the ju-eceding case. 

The anhydrous oxide (a) commenced to reduce at 300° C., reduction 
was slo\y at 330° V. and normal only at 380° to 420° C, The pyro- 
phoric m(ital which results when this material is heated in (contact with 
air furnishes an oxide of which one-third is reduced at 280° ( \ and 
half at 320° C. The activity of the nickel reduc('d from these oxides 
is at least equal if not superior to that obtained by the reduction 
of the normal oxide. 

AVhen the nickel begins to weaken in catalytic^ effect it is necessary 
only to oxidize and then reduce it, in order to have the catalyzer com- 
pletely reg(uierated. 

Passivity of nickel as a catalyzer: If used to hydrogenate phenol 
for a day or two it will then hydrogenate cresol, but if used for a month 
on phenol it will not be active on cresol, although still active on ])henol. 
By oxidizing and then reducing, the material is very active on crc'sol. 

Anhydrous oxides and hydrates of nick(‘l (cannot be com])letely 
reduced to tht‘ metal at 300° (\, but a mixtun^ of th(' metal and oxide 
results. It is neverthel(‘ss true that such mixtures are more active 
than if c.omplete r(‘duction with corresponding ek^vation of the tem- 
perature had taken place. 

Two stages of oxidation, derived from the same pyrophoric nickel of 
which in oik^ case the reduction was arrested at 250° C. when one-half 
the oxide remained, and in the other case the material was heated 
up progressively to 350° (k to give total reduction, were tested. The 
latter hydrogenated xylenol normally, while the former gave a hydro- 
carbon. To evade this destructive action in a number of cases the 
investigators heated the nickel after reduction to a higher temperature 
to diminish its activity and conserve its life as a catalyzer.* 

* Padoa and Fabris (J. 8 . C. I., 1908, 1083) showed that at ordinary pressure 
inde^^'is not capable of combining with hydrogen in presence of reduced nickel 
at 300® C., but that at 250° C. two atoms of hydrogen are taken up. Ipatiew 
(J. Ru.ss, Phys. Chem. Soc. (1913), 45 , 994) finds that in presence of nickel oxide, 
indcnc unites with hydrogen at 250° to 260° C. and 110 atmospheres, yielding the 
hydrocarbon octohydroindene. The nature of the metal of which Ipatiew’s high- 
pressure apparatus (J. S. C. L, 1911, 239) is constructed is found to exert an influ- 
ence on the hydrogenation, in presence of cuprous oxide, of compounds containing 
ethylene linkages. Thus, in an iron tube, amylene (trirnethylethylene) is readily 
converted into isopentane, while in a copper tube the reaction is incomplete, an 
equilibrated mixture of amylene, hydrogen and isopentane remaining: 

CjHio + H2 ^ CsHi,. 

an iron tube and in absence of cupric oxide, no hydrogenation occurs. Similar 
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Several types of catalyzers have been proposed for oil liardening 
and in some cases processes have been prescrilx'd for operation with 
specific (!atalyzers. From the standpoint of the support or carrier for 
the primary active material catalyzers may be divided into sevc'ral 
well-defiiK'd groups, each exhibiting characteristic properties. The 
classification eml)races; 

(Classification of Catalyzers 

Group A 

I. C'arrier porous, inert and coated but is not impregnated with 
catalytic nu'tal. 

II. Carrier active, serving as a secondary catalyzer or feeder, is 
coated but not impregnated with catalytic metal. 

Group H 

1. (Carrier non-j)orous, inert and is fairly evenly coated with cata- 
lytic metal. 

II. ( Carri(^r non-])orous, inert and instead of i)eing coated is 
})unctat(Tl with metal nodules. 

III. Carrier non-porous, active and is fairly evenly coated with 

(iatalytic metal, 

IV, (Carrier non-porous, active, serving as a secondary catalyzer 

or feeder and instead of being evenly coated is punctated 
with metal nodules. 

Group C 

I. CCarricT porous, inert and is impregnated with catalytic; metal. 

11. (Carrier porous, active, serving as a secondary catalyzer and 
is imjiregnated with catalytic metal. 

Other subdivisions follow if the catalytic material is used in a 
coarse condition or in a finely-divided state, etc. Superficially treated 
or coated carricTS are regardcHl as more dc^sirable for treating liquids, 
while the porous impregnated varieties find a Ix'tter field of utility in 
the hydrogenation of gases or vapors which in admixture Avith hydrogen 
are capable of penedrating porous bodic's into which viscous liquid 
compounds would not readily diffuse. 

results are obtained with hydro-aronialir compounds. Further, hydroRenation in 
an apparatus of phosphor bronze in presemee of reduced copper results in the estab- 
lishment of an equilibrium, while, if iron turnings arc also [)resent, hydrogenation 
proceeds to an end. The slight catalytic activity of redu(;ed copper in copper tubes 
may be regarded as due to poisoning of the catalyst; or the use of cupric oxide in 
iron tubes may result in a conjugated catalytic action. 

Ipatiew (Chem. Centralbl. (UKKi), II, 87) found alumina to act as a dehydro- 
genating catalyzer on various bodies. 
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THE BASE METALS AS CATALYZERS 

Nickel Catalyzers — Continued 

Nickel oxide catalyzer is recommended by Bedford and Erdmann* 
as preferable to the metallic forms and some of the features claimed for 
this material are noted in the following: They indicate that the hy- 
drogenation of oils by means of finely-divided nickel, although now 
worked on a commercial scale, has the disadvantage that the catalyst 



Fkj. 41. — Plioto-microgniph of a particle of crushed glass (‘oated with nickel oxide 
(equivalent to 10 per cent of metallic nickel). 

is extremely sensitive to small quantities of air and to traces of chlorine 
and sulfur compounds, which latter may be developed from protein, 
always present in vegetable and animal oils. Oxides of nickel are 
capable of acting as hydrogen carriers for the hydrogenation of oils at 
atmospheric pressure, and possess the advantage over metallic nickel 
of being relatively insensitive to gases containing oxygen and sulfur 
compounds; moreover hydrogenation proceeds with much greater 
velocity than with metallic nickel. Any one of the oxides of nickel 
may be used, viz., nickel sesquioxide, nickel monoxide or nickel sub- 
* J. Prakt. Chem. (1913), 87, 425. 
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oxide;* with the scsquioxide and monoxide a temperature of about 
250° C. is required, but with nickel suboxide 180° to 200° C. is suffi- 
cient. When the higher oxides of nickel are used they become partially 
reduced to the suboxide which is said to form a colloidal suspension in 
the oil. Hence a nickel oxide catalyst becomes more active after it 
has been used, owing to the formation of the suboxide. No reduction 
to metallic nickel occurs during 
the hydrogenation process, al- 
though in absence of oil, reduc- 
tion of nickel oxides to metallic 
aickel by hydrogen takes place 
it 190° C. Nickel suboxide may 
he distinguished from metallic 
lickel by its lack of electric con- 
iuctivity and by its inability 
.0 form nickel carbonyl when 
Tcated with carbon monoxide 
mder pressure at a moderate 
.emperature. Other metallic ox- 
des (e.g., copper oxide, ferrous 

)xi(le) are also capable of ac^ting 42.-Phot.vmicroKrai>h of a ,mrl,ielc 

IS catalyzers m the hydrogen- with 10 per cent 

ition of oils, but do not act so of reduced nickel, 
well as nickel oxide. The activ- 
ity of nickel oxide is increased by small quantities of the oxides of 
aluminium, silver, zirconium, titanium, cerium, lanthanum and mag- 
nesium. Nickel salts of organic acids do not act as catalysts, 
but in presence of the heated oil are decomposed by hydrogen, 
yielding nickel oxides and, under certain conditions, also metallic 
nickel; the resultant nickel material then acts as a catalyst. Nickel 
formate in the presence of the heated oil is reduced by hydrogen to 
nickel suboxide at 210° C., while at 250° C. metallic nickel is also 
produced. In carrying out the hydrogenation, the oil is placed in a 
cylindrical copper vessel fitted with an agitator, and heated in an oil 
bath to 180° C. while a slow current of hydrogen is passed through. A 
small quantity of nickel oxide is then added, the temperature is raised 
to 255° to 260° C., a further addition of the catalyst is made and the 
supply of hydrogen is increased. The hydrogenation is controlled by 
examining test-samples of the oil as to melting point and iodine value. 
The oil becomes black possibly owing to the formation of “ col- 

♦ Compare Moore, Chem. News (1895), 7182, Bohm (Seifen. Ztg. (1912), 1044) 
briefly discusses oxide catalyzers. See also Soap Gazette and Perfumer, 1913, 107. 
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loidai ” nickel suboxide, which passes through a filter-paper, but can 
be removed by centrifuging. Nickel soaps are fornuxl only to a slight 
extent, and probably in consequence of a secondary reaction during 
the cooling. The hydrogeniz('d fat is free from hydroxy-acids. The 
catalyst after use contains some organic matter apparently composed 
partly of 'nickel palmitatc or stearate, and other substances, one of 
which probably is nickel carbide. Tlie process is easy to (control if 
pure hydrogen is available, and in an experimental plant of 1 ton 
capacity Bedford and Erdmann report that more than 100 tons of 
diffc^rent nils have been hardened by hydrogenation in the manner 
described. 

Nickel oxide catalyzers have been made th(^ sul)ject of a number of 
patents. 

English Patent 4702, of 1912, to Boberg and the Techno-Chemical 
Labor atone a, Ltd,, London, jmjposes to prepare catalyzer through the 
reduction of a metallic compound such, for example, as ignited nickel 
carbonate, the reduction taking pla(^e with hydrog(m under such con- 
ditions that the nickel contains one or more suboxides, or when nickel 
is employed a com]){)und is formed which contains less oxygen than 
the ordinary oxide NiO.* 

The ol)servation is made that in the reduction of ignited nickel car- 
bonate by hydrogen the product obtained is just so much more effi- 
cient catalytically the lower the temperature at which the reduction 
takes place, because of the suboxide formed. The catalyzer apparently 
also contains some hydrogem. The preparation of the catalyzer is 
carried out by passing ignited nickel carbonate, free from injurious 
impurities, continuously in a slow stream through an inclined rotary 
cylinder, which is heated in part or throughout its length, while hydro- 
gen is allowed to flow through in an opposite direction. By suitable 
regulation of the influx of the material as well as the proper regulation 
of the temperature, the reduction may be carried out in su(*h a manner 
that one obtains a catalyzer which is partly or mainly composed of the 
suboxide. The most suitable temperature is between 230° to 270° C. 
and the length of the heating operation must be just so much more 
prolonged the lower the maintained temperature. Unnecessarily 
long heating must be avoided otherwise the reduction goes too far 
which causes a diminution in catalytic activity. The catalyzer so 
obtained can be used immediately for oil hardening or it may be pre- 

* The [)r()posal by Boberg to i>repare a catalyzer from nickel carbonate by ignition 
iind reduction to form a mixture of nickel and its suboxide is criticized by the editor 
of the ClH'iniker Zeitung (Chem. Ztg. (1913), 481) as offering nothing novel in view 
of Bedford’s disclogures in English Patent 29,612, 1910. 
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served in contact witli air where it oxidizes very slowly, provided local 
over-heating is avoided. 

One can also collect the catalyzer in water, filter and dry in the air; 
or it can be coil('ct(‘d in an atmosj)hero of hydrogen which is gradually 
displaced by air. 

The production of suboxide catalysts is also c,arried out by reducing 
ni(;kel oxide as (;oni])letely as ])ossible and then controllably oxidizing 
the })roduct in any suitable way as with air or oxygen diluted with an 
indifferent gas, such as carbon dioxide, so that the introduction of 
oxygen can ])r()gress Avithout local overheating. Such oxidation can 
go on Ixd.Aveeii 300° to 000° V. 

The degree of catalytic actiAuty of a metal oxide depends not only 
on its (chemical but also on its physical proi)crtics. It is known that 
metal catalyzers, such as nic.kel, cobalt and iron, rociuire very fine 
division for effective action. The same is also true of the oxides of 
these iiK^tals. The German Patent to Erdmann and Bedford (200,009, 
1911) relates to oxide catalyzers in a voluminous form. The patentees 
stat(‘ that metal oxides may be obtained in the form of an especially 
finely-divided voluminous material if one takes a concentrated aqueous 
solution of the nitric acid salt from w'hi(;h the oxide is to be made, 
mixes with it a Avater-soluble organic compound rich in carbon and 
then subjects the mixture to combustion by allowing it to fall, drop 
by drop, into a heated vessel. The strong evolution of gas which thus 
takes pla(!(‘, due to the combustion of the organic compound and 
simultaneous decomposition of the nitrate, produc/cs nickel oxide in a 
very voluminous form. Especially recommended for this purpose are 
the sugars and carbohydrates, for these when heated by themselves 
produce a strongly-SAvelling (carbonaceous mass.* 

As an example Erdmann and Bedford state that nitric acid of 1.42 
specific gravity is diluted with an ecjual volume of water. Pure metal- 
lic nickel is introduced. Afto the reaction is complete the solution is 
heated for two hours with an excess of nickel in order to completely 
neutralize the nitric acid and to separate any iron present as a pre- 
cipitate of iron hydroxide. The clarified nickel nitrate solution is 
evaporated to specific gravity of .LG and to one liter of this fluid, cor- 
responding to 250 grams of nickel, 180 grams of powdered cane sugar 
are introducc'd. This solution is allowccd to run in portions into a 
muffle heated to a low red heat. Each portion is heated until no 

* The use of sugar or gum in a somewhat similar manner has been described by 
Schroeder (J. S. C. L, 1902, 344 and British Patent 10,412, 1901), who found it 
possible to increase the porosity of catalytic material by ignition with such carbo- 
naceous matter, so as to form blowholes or bubbles in the catalytic mass. 
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more red vapors depart, when the voluminous nickel oxide which is 
formed is removed from the muffle and a fresh portion of the solution 
is introduced. 

In place of cane sugar other varieties of sugar may be applied and 
also water-soluble starch, dextrine, gum, tartaric acid or other water- 
soluble organi(i acid substances which are rich in carbon. 

In a similar manner the oxides of cobalt and iron or otlier cata- 
lytically-active oxides may be brought into a voluminous form.* 

It is the beli(‘f of Erdmann f that the oxide (catalysts are superior 
to metal catalytic material, because the former not only liave strongly 
marked catalytic properties but they are more stable than the latter. 
Erdmann refers to prior investigations of Ipatiew who worked with 
various organic compounds other than fats, employing nickel oxide 
and hydrogen umhr very high pressure; while in the present case 
fatty material, it is claimed by Erdmann, is smoothly hydrogenabnl 
under ordinary atmospheric pressure. For example, lins(H‘d oil or 
any other fatty oil may Im^ heated with one-half to one per cent of 
nickel oxide, such, for example, as may be obtained by calcining pure 
nickel nitrate at a low red heat. The temperature of the linseed oil 
is raised to about 255 degrees and a stream of hydrogen is i)assed 
through th(? oil when it is observed that the nickel oxide and oil mix- 
ture becoiiK^s deep black and the oxide appears to undergo subdivision 
and possibly transformation into a colloidal state, the solvent acquiring 
an ink-like appearan(;e. At the same time hydrogen is a])sorbcd and 
the oil is hydrogenated. 

This colloidal ” form of nickel oxide catalyzer, which apparently has 
not been observed with metallic nickel, is regarded by Erdmann as 
of great importance in this art because it enables a finely-divided 
catalyzer of an effective nature to be so easily prepared. When the 
hardening process is finished the nickel oxide catalyzer clots and 
collects so that it may be separated readily from the hardened fat. 

The analyses of the hardened products of linseed, peanut and sesame 
oil show that by the process an approximately pure glyceride of stearic 
acid is produced without any trace of oxy fatty acid impurity. 

Nickel soaps form in the presence of free fatty acid only in an in- 
consequential way to an amount of about of 1 per cent or so. 
This slight amount is said to remain along with the catalyzer in an 
undissolved state. 

* Suboxide of niekel is i)repar('d for catalytic purposes, according to Bedford 
and Williams (J. S. C. I., 1914, 324), by heating a mixture of nickel oxide or an 
organic salt of nicktd with oil in a current of hydrogen. 

t Sieifen. Ztg. (1913), 605. 
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The whole hardening })rocesH, when pure hydrogen is at onc\s dis- 
posal, is so simple with reference to the apj)aratiis iXHpiired, and 
operates so smoothly that the shifting from the laboratory experini('nts 
to work on a large scale is stated to have offered no tlifficulties. 

In one experiment carried out by Bedford and Erdnmnn * 3 grams of freshly i)re- 
pared nickel oxide were atlded to 30 grams of cottonseed oil and trc'ated with hydro- 
gen at 200 C. until the oxide had become black in color and very finely divided. 
The solidifying point of the fat was then 4H'’ C. The mixture was (ooled to 185° C., 
270 cc. of cottonseed oil added and a strong current of hydrogen jiassed through the 
oil and catalyzer (maintained at 185° C.), for one hour when the solidifying point 
was found to be 45° C. 

Another interesting question to which reference has already been 
made is whether or not nickel oxide in oil is reduced to metallic nickel 
by hydrogen, and whether any finely-divided metal which might arise 
in this manner is a carrier of hydrogen. f 

While nickel oxide (NiO or N 2 O) yields nickel in an hydrogen atmos- 
phere at 2G0 degrees and even in fact as low as 190 degrees, the be- 
havior of these bodies, according to Erdmann, is very different when 
they are immersed in oil. In the latter case the oil acts as a protective 
clement and hinders or prevents complete reduction. The reduction 
goes no further than the suboxide stage, and Erdmann belicwes that 
some sort of an addition compound is formed with the unsaturated oil. 
If the catalyzer is removed from the hardened fat and entirely freed 
from the latter by extraction with benzol, the used catalytic material 
is obtained in the form of a soft black powder which is more or less 
strongly magnetic, but which does not possess any conducting power 
for electricity. 

A great number of analyses have shown that the nickel content 
lies between nickelous oxide and a form of suboxide described by 
Moore. t Not the slightest trace of metallic nickel is found in the 
used catalyzer if the fatty oil is free from strongly reducing substances 
such as aldehydes or formic acid. 

* Jour. f. prakt. Chem., 1913, 446. 

t The possibility of nickel oxide and carbonate bc'coming reduced during hydro- 
genation operation, so as to actually yield a metallic catalyzer similar to that cov- 
ered by the Leprince and Siveke basic patent, is considered by Mayer (Soifen. Ztg. 
(1913), 1224) who also discusses the situation in Germany respecting patented 
processes of hydrogenation. 

Professor Erdmann (Seifen. Ztg. (1913), 1325) discusses the scope of the Le- 
prince and Siveke German Patent 141,029 corresponding to the Norrnann British 
Patent 1515, 1903, especially with regard to the use of nickel oxide catalyzer in the 
form employed by Bedford and Erdmann. 

t Chem. News, 71, 82. 
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The absence of metallic nickel* is rather definitely shown through 
the indifferent electrical conductivity of some used nickel oxide cata- 
lyzer from which the fat had been removed, the oxide being pressed 
into block form for the purposes of such test. A control test made 
with catalj^zer which before use had received an addition of a few 
per cent of freshly-reduced nickel showed, under like circumstances, 
a relatively high electrical conductivity. Also the very different be- 
havior of carbon monoxide toward metallic nickel and nickel oxide 
indicates the non-mctallic nature of the used nickel, oxide catalyzer. 

So in two ways it is alleged to have been shown that under normal 
conditions of the process of hydrogenation, nickel oxide is not reduced 
to metallic nickel. According to Erdmann, after numerous compara- 
tive tests, a great advantage of the process over those made known 
up to this time has been established. The fact that nickel oxide cata- 
lyzers experience a partial reduction to nickel suboxide brings up the 
question as to whether or not the suboxide is the only oxide of nickel 
which is capable of transferring hydrogen to unsaturated compounds. 

In the application of the higher oxide the first phase of the hydro- 
genation which takes place at 250 degrees is that of the formation of 
magnetic suboxide, and the once-used nickel oxide catalyzer possesses 
more marked activity than the unused. With such a once-used 
catalyzer hydrogenation progresses with much greater rapidity and 
also at an essentially lower temperature. After use eight times the 
nickel oxide catalyzer was still ac^tive. 

Erdmann prepared Moore’s suboxide through electrical reduction 
from a solution of nickel potassium cyanide. This he found possessed 
the properties stated by Moore, namely, it was magnetic, reduced 
nitric acid, developed hydrogen with mineral acids and showed no 
electrical conductivity. The compound, both in water and in oil, 
showed colloidal properties. When introduced into hot cottonseed oil 
it distributed itself through the oil in the form of a very fine suspen- 
sion which colored the oil black, and treatment with hydrogen at 
210° C. indicated that the compound even at that relatively low tem- 
perature was an excellent reduction catalyzer. 

In passing, it may be mentioned that other oxides besides nickel 
have been found to possess the property of transferring hydrogen. 

* Meigen and Bartels (J. prakt. Chem., 1914, .301) consider the views of Erdmann, 
regarding the formation of nickel suboxide when employing an oxide catalyzer, to 
be untenable, and conclude that metallic nickel is formed under the conditions 
established by hydrogenation. Experimental studies in support of this position 
are detailed. From the analytical results, the electrical conductivity and the 
observed formation of nickel carbonyl, Meigen and Bartels consider metallic nickel 
to be indicated, contrary to the views of Erdmann. 
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This has been noted with copper and iron oxide. Osmium tetroxide 
has been found by Lehmann to effect hydrogenation while in itself 
becoming converted into colloidal osmium dioxide. 

A comparison has been made by Erdmann between oxide catalyzers 
and organic-salt catalyzers, such as the formate, acetate, pleate and 
other similar salts which have been studied in connection with oil 
hardening, and Erdmann has reached the conclusion that these salts 
do not act directly as catalyzers. In order to effect hardening it is 
necessary to break down the organic salt. It does not in itself possess 
the property of acting as a hydrogen carrier. So long as it remains 
unchanged no hydrogenation takes place. As soon, however, as a 
sufficiently high temperature is reached, Erdmann thinks these organic 
nicJvel salts, under the influence of hydrogen, are decomi)osed in such 
a way as to form nickel oxide and the suboxide, which latter possesses 
the proi)erty of forming an oil colloid and becomes active as a catalyst. 

Under some circumstances a mirror of metallic nickel forms on the 
walls of the vessel ; this occurs especially easily when nickel oleate is 
used, and also has been noted with nickel formate when the oil is 
maintained at a relatively high temperature, approximately 250° C. 
Tile metallic nickel which forms as a mirror or otherwise, it is claimed, 
does not exert a catalytic action, but the nickel oxides which arise 
and which pass into the oil in a finely-divided condition are effective 
catalysts.* 

The application of organic nickel salts, such as nickel formate, suffers 
the disadvantage that the action is not immediate, because time is 
reciuired to effect the de(;omposition of the formate. Furthermore, 
there is the loss in formic acid and the costliness of regenerating the 
catalyzer.* 

* Bohm (Seifen. Ztg. (1912), 737, Soap Gazette and Perfumer, 1913, 107) advances 
tli(‘ rather Rweei)ing view that many of the patents issued subsequent to the Leprince 
and Siveke German Patent 141,029, 1902, have little or no standing, lie states 
that operations involving changes in air pressure are common expedients of organic 
chemistry; that spraying oils to secure intimate contact with gases is well known, 
citing such use in the linseed oil industry; and that metallic (catalyzers in the col- 
loidal form may fall within the definition of a fiiudy-divided metal. He, however, 
regards the metal salt catalyzers as being independent of the Leprince and Siveke 
Patent, but expresses some dembt as to the continuance of their use in Germany after 
the expiration in 1917 of German Patent 141,029. 

The views of Bohm arc criticized in the Scifensiedcr Zeitung (1912), 1001, his 
idea that almost aU patents for oil hardening will lose their value with the expiration 
of the Leprince and Siveke Patent in 1917 being regarded as erroneous. The 
contrary is more likely to take place, that is, the value of these processes will advance. 
It is a matter of surprise that Bohm regards the metal salt catalyzers as independent 
of the Leprince and Siveke Patent. Nickel formate, as weU as other salts, such as 
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Sabatier and Espil have studied the reduction by hydrogen of nickel 
oxide obtained by igniting the nitrate. Reduction takes place at 
170° C., at which temperature, after 112 hours, 72 per cent were re- 
duced. Thereafter the reaction progressed more slowly and after 160 
hours the conversion amounted only to 80 per cent. These and other 
observations appear to disprove the claim made by Glaser that below 
330° C. not over 50 per cent of nickel arc reduced and that the oxide 
NioO is produced. In fact, the work of Sabatier and Espil would in- 
dicate the existence of a difficultly oxidizable oxide having the formula 
Ni 40 .* 

Sabatier and Espil in a further investigation of the question of 
degree of reduction of nickel oxide when heated in the presence of 
hydrogen make note f that a careful calcination of nic.kel nitrate 
affords nickel oxide which reduces to metallic nickel at a temperature 
of 155° C. without the production of a non-reducible suboxide. 
When the oxide is calcined at a bright red heat reduction takes place 
at 155° C., but the action is slower. ^ 

An additional contribution to this subject ])y Sabatier and Espil 
(Comp. rend. 1914, 068) indicates that sufficient metallic nickel is 
formed from the oxide in oil to exjdain the catalysis observed in the 
case of the Bedford-p]rdmann process. Sabatier and Espil use the term 
coefficient of reduction to represent the proportion of oxide reduced per 
hundred parts. At 240° C. on three hours exposure to hydrogen, an 
oxide of nickel which had been prepared by calcination at 5,50° C. 

nickel lactate, acetate, etc., proposed by Wimmer and Higgins, are first broken 
down into nickel oxide and acid; while under the influence of heat and hydrogen 
the organic acid is further decomposed and the nickel oxide, at least in part, appar- 
ently is reduced to metallic nickel. Without the presence of metallic nickel hydro- 
genation is thought to be scarcely possible. 

The decomposition of nickel formate into acid and metallic nickel is said to be 
very easily demonstrated by a laboratory test. Wimmer and Higgins may perhaps 
conduct the process so as not to form metallic nickel. A serious disadvantage exists 
in the regeneration of the once-used contact material of this character; for recon- 
version into nickel formate, acetate and other costly organic salts is an expensive 
operation. The oxide catalyzers likewise would be expected to form metallic nickel 
during the hydrogenation proct^ss, even though the reduction be only partial. From 
the work of Ipatiew such reduction apparently does not take place. Possibly the 
envelopment of the molecules of oxide by oil hinders the reducing action of the 
hydrogen. 

The doubts formerly had with regard to the effectiveness of oxide catalysts have 
now vanished, for during a considerable period this contact material has been used 
for hardening oils on the large scale. A reduction of the oxides to the metallic 
state has not been observed under these circumstances. 

♦ Chem. Ztg. (1913), 1121. 

t Chem, Ztg. (1^13), 1649. 
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show(Hl a coefFi(‘i(ait, of rcnluction of 93, while oxide which had heon 
ignited at a bright red heat e^xhibited a coefficient of 32.8. (Theses 
figures relate to the dry oxid(! not in oil.) At 155° C. on 90 hours ex- 
posure to hydrogen, a light oxide gave a reduction coefficient of 56 and 
a calcined oxide was found to have a co(^fficient of only 2.5., The rate 
of reduction was found to be somewhat accelerated by increase in the 
rate of flow of hydrogeai ove^r the oxide mass. At 240° C., with a rate 
of flow of hydrogen of 6 cu. cm. per minute the coefficient was 44.5, at 
17 cu. cm. the coefficieait increased to 65 and at 24 cu. cm. the coefficient 
became 77.5. Sabatier and Es])il note that edevation of the temperature 
greatly increases the speed of reduction. At 220° C. with oxide of 
ni(;kel, the following coefficients were obtained. 

1 hour. . . 

4 hours . . 

5 . 5 hours 

6.5 hours 

7.5 hours 

22 hours. 

At 250° C. the coefficients were found to be as follows: 


^ hour 30.0 

1 hour 52.0 

1.5 hours 78.9 

2 hours 87.0 

2.5 hours 92.5 

3 hours 95 3 

15 hours 100.0 


Between 190° to 240° C. the speed of reduction is an exponential func- 
tion of the temperature. The reduction of nickel oxide at 175° C. 
gave a coefficient of 10 and on treating this product with carbon mon- 
oxide at 50° C. nickel carbonyl was obtained. Sabatier and Espil con- 
clude that a suboxide is formed by reduction in this manner, having 
the composition NbO, corresponding to the coefficient 75. This sub- 
oxide is not, however, irreducible but is, as stated above, more slowly 
reduced than the protoxide. 

Dry hydrogen has been found to reduce the oxide better than moist 
gas and in practice it is recommended that the hydrogen employed for 
reduction purposes be freed from moisture beforu use.* 

t Sabatier and Espil have observed that moist hydrogen is at least as active as 
dry hydrogen in the hydrogenation of benzene and phenol (Bull. Soc. Chim., 1914, 
228). 


14 9 

57.6 
77.4 
78 0 
70 9 

99.6 
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The rate of hardcaiing of cottonseed oil i)y nickel and nickel oxide 
catalyzers has been invc^stigated l)y Meigen and Bartels (J. prakt. 
Chem., 1914, 298) and their results are shown in Fig. 48. Curves 1, 2 
and 8 were d(^riv(Kl with metallic nickel at 170° and 4 and 5 with 
nickel oxide at 250° to 255° C. The amount of catalyzer in all cases 
corresponded to two pt^r cent of nickel oxide. No. 1 was obtained with 
ni(;kel ])rei)ared fi‘om the carbonate, No. 2 from reduc^ed oxide and No. 
3 from a commercially-used catalyzer. Thi) oxide employed in Nos. 4 
and 5 was olitained ])y ignition of th(^ nitrates These curves indic.ate 
a slower action for the oxide, which Meigen and Bartels attribute to the 
time required for i)reliminary rtHluction of the oxid(‘ after its addition 
to the oil, and beforii actual hydrogenation of the oil occurs. 

Free oleic acid can b(‘ hardem^d v('ry easily by means of a nickc'l 
oxide catalyzer, according to Bedford and Erdmann.* Nickel oleat(‘ 
forms only in slight amo\mt. 

Pure nickel, obtained by reduction of the nitrate, according to 
Chem. Fabr. auf Action, f is inaedave for the purpose of converting 

borneolinto camphor; if, however, a 
small quantity of sodium carbonate 
be added to the nitrate before re- 
duction, a very active product is 
obtained; a similar mixture is ob- 
tained by adding 0.17 per cent of 
pure sodium oxide to the nickel; 
other bases or salts which are not 
readily reduced at a red heat may 
be used in place of sodium oxide. 
Further, if a small quantity of cer- 
tain other metals is introduced into 
the nickel, the mixture will have 
a very powerful catalytic action. 
Mixtures of 6,7 per cent of cobalt or copper with 93.3 per cent of nickel 
may be used; they are obtained by the reduction of the mixed ni- 
trates. The process is not confined to the use of nickel; it is stated 
that other metals possessing catalytic action can be used with equal 
effect. 

By a method somewhat similar to that of Bedford and Erdmann the 
proposal comes from Kast t to prepare catalysts in a finely-divided volu- 

* Jour. f. prakt. Chem., 1913, 450. 

t French Patent 401,876, April 8, 1909; German Patents 219,043 and 219,044, 
1908. 

t v. S. Patent' 1,070,138, Aug. 12, 1912. 
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minous condition by heating the trinitro[)henoI salt of a heavy metal. 
These salts are combustible and when ignited they expand gn^atly, 
so the resulting ashes (metal or metal oxide) are found to be in a volu- 
minous, spongy form. East (‘laims that tli(‘ usual procedure of pre- 
cipitating a salt solution (with or without a carrier) yields a coarse 
crystalline' precipitate', anel that reduction by heating in a retlueang gas 
slags the precij)itate in consecjiu'ncei of which the' catalytic eifeediveness 
is consieleu’ably eliminished. To avoid dange^r of an explosie)n when 
decomposing the trinitrophenol compound by ignition East adds oil 
or tar as a diluent. He also recomme'iuls for this i)urpose nitrate of 
ammonia, as this salt evolves large quantitieis of gas on heating and 
leaves no residue. The formation of slag which East objects to in 
ordinary reelue'tion se'emingly woulel be aggravated when a salt of 
trinitrophenol is burneel unele'r these conelitions. 

The hydroge'uation of unsaturateel fatty aciels and their esters 
may be effecteel, according to deKadt,* by means of hydrogen in the 
presence of a catalyst (consisting of a soap of a Incavy metal or of a noble 
metal, made from a fat or fatty acid having a melting i)oint higher than 
that of the saturated compound to be produ(ced. For example, the 
nickel soap, or preferably a mixture of the nickel and iron or copper 
soaps of the fatty acids of sE'arine or Japan wax, is dried and powdered, 
and can then be intimately mixed with the oil to be hydrogenated. 
After hydrogenation the oil is heft quiescent at a temjx'rature above its 
melting point, when the soap partiches will agglomerate and settle on 
cooling. If, however, the oil is kept in motion and filtered, the soap 
does not pass through the filter. It is stated that this process is more 
efficient than when metallic catalysts are used, owing to the more 
intimate contact b('twccn the catalyst and oil or fat which is here 
obtained. 

Basic compounds of high molecular fatty acids with certain of the 
heavy metals are proposed as catalyzer formative material by Hausa- 
mann.t The compounds dissolve in the oil undergoing treatment 
and in the presence of hydrogen afford active catalytic bodies. The 
temperatures employed range from 100° to 180° C. After the oil has 
been hardened it may be treated with dilute acid to remove the 
catalyzer.J 

The employment of a basic salt of a heavy metal (nickel or copper) 
with a fatty acid is recommended by De Nordiske Fabriker De-No-Fa 
Aktieaehkap as a catalytic material in the hardening of fats or fatty 

* British Patent 18,310, Aug. 9, 1912. 
t Zeitsch. f. angew. Chem. (1914), 63, No. 7. 
t See also Seifen. Ztg. (1914), 7. 
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acids. About 0.4 pcT c('nt of the metallic compound is used and the 
hydro^c'nation takes place; at temi)eratures betweu'n 100° V. and 


180° 


Organic; (;ompounds of metals, such as metallic salts of organic; 
acids, arc; employed by Wimmer and Higgins j as catalytic agents in 
the reduction or hydrogenation of various organic compounds; thus 
the c;oppc;r, iron, aickc;! or c‘obalt salts of formic, acetic or lactic acid 

may be employed. The ad- 
vantage of these compounds is 
that thc;y c;an readily be mixed 
with the compound to 1)C‘ rc‘- 
duced, either in the form of a 
solution or as an ‘‘ emulsion 
thus the compound may be 
c'mulsified with the catalyst 
and at the same time treated 
with hydrogen. It is statc'd 
that hydrogenation may be ac- 
celerated eithc;r by using the' 
hydrogen under pressure', or 
by impregnating the com])ound 
to be reducc'd with hydrogc'ii, 
and then bringing it into in- 
timate contact with the cata- 
lyst. One derailed example' is 
given in the specification, de- 
scribing the treatmc;nt of 100 grams of cottonseed oil with hydrogc'ii 
in prc'sc'iiCH' of 1 to 5 grams of niekc'l formate at a tc'mperature of 170° 
to 200° C. 



Fkj. 44. — Plioto-riiHT()gra])h of nickel pre- 
cil)itute(l ill cottonseed oil by the action of 
liydrog(‘n on nicki'l resiiiato dissolved in 
tlu' oil. X 100. 


Wimmer makes the statement that these organic salts arc not 
reduced to the metallic c;ondition during hydrogenation. J 

Bedford and Erdmann § state that nickel formate yields nickel sub- 
oxide at 210° (k, while metallic nickel is formed at 250° C., and that 
nickel acetate, oleate and linolcate behave in a similar manner. 

Higgins 11 uses nickel or zinc formate in the reduction of organic 
compounds without the application of gaseous hydrogen. 

Several other methods of producing catalyzers have been the sub- 


* J. S. C. I., 1914, 324. 
t French Patent 441,097, March 8, 1912. 
t Seifen. Ztg. (1913), 1301. 

§ Zeitsch. f. ang. Chem. ref. (1913), 751. 

II Chem. Ztg. Rep. (1913), 680; British Patent 23,377, Oct. 12, 1912. 
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jcct of tlie patents as, for example, that to Crosfield * in accordance* 
with whic.li kieselguhr and the like is impregnated with a solution 
of nickel sulfate and the impregnated material treated with alkali 
hydrate to precipitate nickel hydrate in and on the porous material. 
The product is then well washed, dried and rt'duce'il. If kieselguhr 
is used the powder should contain about 30 per cent of metallfc nickel. f 

A similar procedure is the sul)j(ict of a patent to Kayser.J In this 
cas(‘, however, the ni(^kel sulfate or other nickel salt in concentrated 
solution ma}'^ be used in an amount to saturate ki(^selguhr whih^ h'aving 
it in an ai)parcntly dry condition, when it is incorporated with a molec- 
ular ])ro])ortion of powderc'd carbonate of soda and the mixture thrown 
into boiling water, dried and reduced. 

KuyH('r states that thorc^ an* various known ways for producing mctall'c powdc'rs in 
a state of tine division Nickel powder, which for many jmrposcs is rccogniz(‘d as 
th(' most i)ot,(‘nl, catalyzi'r ti'chnically available, is, for examph*, most conveniently 
{)roduc(‘d by acting upon such nickel compounds as the chloride, oxidt*, hydrate or 
carbonate at an adecpiati* tem{)erature with hydrogen. 1’he catalytic energy of 
such a powder, howiwer carefully jirepared, he says, is at best an uncertain (juantity; 
freipii'iitly it is fei'ble, as som(‘tinies, for no conclusive reason, it is altogi'ther lai'k- 
ing. Furthermon', powder thus produccal is specifically h{*avy and In* claims can- 
not be easily kept in suspension in a liiiuid medium like oil, wIk'U that is d('sir(*d, 
nor can it, since it forms an almost impervious sediment, Ik* ri'adily s(*i)arated and 
recovi'red from such liiiuid nu*dium by a (Contrivance lik(‘ the filtc'r pr(*ss. d’he same 
objeictions, Ik* says, apply to ni(;k(‘l powdc'r prepared by oth('r nu'ans; and, in the 
('iidc'avor to imiirove on tlu'se, Kays(*r brings a {compound of nickel, smeh as the 
nitrate*, oxide*, hydrate or carbonate, into intimate contacct with an inert, absor[)tiv(c 
anel comparativi'ly bulky mineral substamcc*, such as kies(*lguhr and infusorial earth, 
dries and comminutes th(* product, and reduces the powd(*r thus produ(*('el. In one 
case he saturat(*s kieselguhr with a solution of nick(*l nitrate*, dih'S the mixture, 
employing in the case of the nitrate sufficient h(*at to exp(*l the nitricc acid, grinds 
the resulting product and reduces with hydrog(cn. Another way is to p(crni(*ate 
or saturatec ki(’S(*lguhr with a solution of nick(*l chloride*, nicke'l sulfate or other 
soluble nickel salt, enter the resulting product, with or without iircvious drying, into 
a boiling solution of carbonate or hydrate of soda or other suitable precipitant, removec 
the soluble salts, formed by washing, dry and comminute the residue, and r(‘duce 
it as before. A third and preferred method, as stated, is to saturate the kieselguhr 
with a .solution of nieckel chloride, nickel sulfate or othecr nickel salt, using so muech 
solution only as will leave the kieselguhr in an apparently dry and freecly workable 

* British Patent 30,282, 1910. 

t Ubbelodhe and Woronin (Petroleum (1911), 7, 9) prepared a catalyz(*r by crush- 
ing a plate of porous clay (which had bee*n ignitexl) to form particles of about the 
size of peas. Nickel nitrate was meclted and heated until water vapor cecasecd to be 
evolv(*d. Then the clay particles were added and the mass was stirred and strongly 
heated to expel the oxides of nitrogen. This step was followed by reduction with 
hydrogen at 360® C. 

t U. S. Patent 1,004,034, Sept. 26, 1911. 
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condition, incorporate a inol(*cular proportion of i)ow(lered carbonate of Hoda or 
other j)owder(‘d j)r(‘ci])itant, throw the mixture with constant stirring into boiling 
wat,(‘r, r(‘inove tlu' solul)l(‘ salts formed by washing, dry and comminute the mixture, 
and rediKH' as before. 

To develop t.h(' highest. r;at.alytie ('hieiency, Eayser states that th(i kit;s(dguhr should 
b(‘C()m(‘ ev(*nly and completely coated and permeated, [)lat(‘d as it were with a film 
of metal, arid that a catalyzer (^r)mi)osed of one to twrr parts by weight of metallic! 
ni(!k(‘l and four parts by wc'ight of kieselguhr has howcwcT proved very ei‘f('(!tive m 
saturating fats and oils by means of hydrogcm. The author can sec' no advantage 
in jjeriiK'ating or imjrregnating the interior canals of tlu* carrier with catalytic metal 
when the catalyst, is to b(‘ used for hydrogenating fatty oils. The jxirous sujiport 
us(‘d liy Sabatier and Scuidercuis, to be sun*, was impn'gnated with reduccnl nickel, 
but t.hes(‘ investigators dir<M*t{*d tln^ir attention t.o the hydi’ogenation of readily 
volatile' substances, ca])abl(‘ of {litTusiiig int.o the interior of the nickel-laden jiorous 
material. 

Sordving to ovorcoriK' the disadvantage of ready oxidation in tlie air 
})ossess(Ml by normal catalytic nicked, Kayser * reduces the niedvel 
oxid(' or ('(luivahmt iiiat(‘rial at a temp(‘ratiir(‘ of 500° to 600° (\ and 
tlien passes through the reduced material a l>risk (nirrent of carbonic 
acid until th(‘ (tscaping gas ])roves no longer inflammable. By this 
im'thod it is edaime'd that a catalyzer is se'cured which will remain per- 
ft'ctly cool on ex])osur(' to tlu' air and even may be ex})osed for days 
without losing any of its catalytic energy, a result which probably is 
due to elimination of occluded hydrogen. f 

Wilbuschewitch t proposes t.o secure mon^ rapid reduction of cata- 
lyzes by agitating it in the pre^sence of hyelrogem in a heate!d re)tary 
elrum. The temperature eluring the tre^atment is stateel to bo 500° Cb 
Wilbusediewitedi § lias jiatemteMl a processs of regenerating spent e^ata- 
lysts of the? nicked tyjie*, involving extraction with benzeme, treating 
with alkali solution, acidifying, treating with soelium carbonate solu- 
tion and reducing. 

The recovesy e)f catalytic material is describeel by Naamlooze 
Veiinootscha]), Ant. Jurgen's Vereenigde Fabrieken in British Patent 
27,233, 1913.11 The catalyzer is freed from organic matter by heating 
in a current of air, the material is treated with an acid to dissolve 
metal from its insoluble carrier and the metal is then precipitated on 
the same carrier. 

* IJ. S. Patent 1,001,270, Aug. 22, 1911. 

t The Bremon-Besigheimer Olfabriken (Seifen. Ztg. (1913), 1007) recommend 
the exposure of catalytic material to an atmosphere of carbon ilioxide, or inert gases. 
The catalyzers produced in this manner are stated to be permanent and to possess 
great activity. 

t U. S. Patent 1,016,864, Feb 6, 1912. 

§ U. S. Patent 1,022,347, April 2, 1912. 

II Seifen. Ztg. (1914), 169. 
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Bedford and Erdmann * trcvatcMl a quantity of usc'd nickel oxide cata- 
lyzer with dilut(‘ sulfuri(‘ acid. Hydrog(‘n, accompanied by hydro- 
carbons of disagre(‘a])l(' odor, was evolved. A car])onact‘ous residue 
amounting i.o () or 7 ])(‘r c(‘nt nanained aftiT trcaitnuait willi the acid. 
Nickt‘1 oxid(‘ has Ixuai found to tak(‘ u]) silica wluai used ri'peatedly as a 
catalyzer. Tlu' sami‘ al)sorj)tion of silica also occurs with palladium. 



Fi(i. 4.^). 


Wilbuschewitsch, in U. S. Patent 1,029,901, of June IS, 1912, de- 
scribes a process of making a catalyst in wiiich he takes, for (example, 
nickel sulfate in tlie form of a solution of strength of 10 to 14 (h^grees 
Baume, mixing this with about double its weight of an inorganic 
substance such as clay, asbestos, pumice stone, kieselguhr or the like, 
from which all soluble matter has been removed by treatment with an 
acid. The mixt\ire is then treated with carbonate of soda to convert 
the metal salt into a carbonate. . The composition is heated to about 
500° C. so as to transform the carbonate into the oxide. Reduction 
with hydrogen is then carried out and the product is ground with oil 
until, as the patentee states, a strongly viscous liquid, similar in 
character to an emulsion, is produced. 

An apparatus employed by Wilbuschewitsch,! Fig. 45, for the re- 

* Jour. f. prakt. Chem., 1913, 444. 
t U. S. Patent 1,029,901, June 18, 1912. 
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(luction of ni(;k(‘l compounds (lorisists of ii cylindrical drum b mounted 
to rotat(‘ on rollers ni and ])rovidcd with a lieatin^ji; jacket o. The 
material is char^(‘d into the drum throuj^h an inlet opeming n. To one 
of the (uid i)lates of the drum a tubular shaft c is secured which, with 
its fre(5 end, is guided in a stuffing box k supported in a lateral stud of a 
tubular recejdacle d. On tln^ shaft a spur gear q is mounted which is 
in mesh with a pinion qi adapted to be rotated by means of a belt 
pull(‘y r. By means of the gearing q', q the drum b is slowly rotated, 
and during such rotation it is heated to about 500° C. Hydrogen is 
then forced into the drum through a pipe a located coaxially within 
the hollow shaft c and connected at one end to a tube i. The hydrogen 
is passed through the material to be reduced, and from the latter it 
is successively conductcMl through an automatically operating dust 
collector 9 connected to the retort, a (H)oling worm / and purifying 
vess(^ls (j, (f containing respectively acid and caustic soda lye, or a 
similar purifying medium. After thus being n'generated it is return(‘d 
by m(*ans of a i)ump h. The water produced by the reduction is con- 
d(!nsed in tlu' coil / and is dropped from the coil / into the vessel d 
from winch it is withdrawn through an overflow c. The dust collector 
9 by means of whi(4i the hydrogen escaping from the drum is pr(‘- 
vent(‘d from carrying along particles of dust is constriuded in the form 
of a worm convenor 1. The dust moves through the hollow shaft c in 
the direction of the gas flow and owing to the differ(uic(‘ in the speed 
of the gas and dust the latter is deposit(‘d on the bottom of th(‘ shaft c, 
and is conveyed ba(;k into tin; retort by the worm 1. 

A proccnlure noted in connection with Crosfields & Sons, Ltd., vs. 
Teclmo-Cdiemical Laboratories, Ltd.,* disclosed as apparatus a cylin- 
drical autoclave 1 meter high and f meter in diameter (inside measure- 
ments), with a steam jacket, and fitted with a non-conducting lining 
of unknown material. Nine kilograms of cotton oil were pumped 
into the autoclave, and 288 grams of a composition, containing a 
catalytic agent, were used and were mixed with the oil prior to 
the introduction of the mixture into the autoclave. The autoclave 
was then filled with hydrogen from a cylinder to a pressure of 15 
atmospheres. During the operation the pressure variiid from time 
to time according to the absorption of hydrogen. A mechanically 
driven circulation pump was connected with the autoclave both l)y 
its suction and delivery conduits. By means of a pump and a jet 
for spraying, a mixture of oil and composition containing the catalytic 
agent was drawn from, and forced back into, the autoclave. The 
iodine absorption was not determined. The composition containing 
British Official Journal Supplement, June 18, 1913, 301. 
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the catalytic agent was prepared from a salt of nickel. The catalyst 
employed was prepared as follows: About 1| kilograms of nickel 
sulfate were dissolved in 3 liters of water, and the same weight of 
sodium carbonate, dissolved in the same quantity of water, and at 
about 70° to 80° C. was added to the nickel sulfate, which was at 
60° to 70° The mixture was stirred for 1 to 2 hours, aifd the i)re- 
cipitate was filtered off and washed with distilled water at about 25° C. 
for 60 to 70 hours alternately in tanks and filter press. A small sample 
was dried and tested to ascertain that tlui precipitate had Ixuai suffi- 
ciently washed. The washed precipitate was dried in hot air at 80° 
to 85° C., and was calculated to weigh 720 grains. It was then roasted 
in a pan for about 15 minutes over an open Bunsen gas burner, and 
the weight aft(‘r roasting was calculated to be about 380 grains. The 
])r()(luct was heated to about 300° (h for about 6 minutes in a current 
of hydrogen in revolving glass tubes slightly inclined, the i)recipitate 
Ixnng introduced at the higher end and through a spiral glass tube, 
and th(‘ hydrogen at the lower end. The product, which weighed 288 
grams, was directly introduced into a small quantity of oil, which was 
mix(‘d with the 9 kilos the following day. 

(hitalyzers said to posst;ss high activity are produciHl by mixing 
with oil a base-metal compound of an easily-reducibhi character and 
yi(‘lding the catalytic metal on reduction, heating and bringing a 
reducing gas under pressure into contact with this mixture.* 

Nickel carbonyl is employed by Franck f to form catalytic material 
by precipitation of nickel from the carbonyl in an oil menstruum in the 
presence of solid material. The latter may be kicselguhr or nickid 
or copper oxides or reducible metallic salts. The solid matcirial is 
heated with the oil and nickel carbonyl conducted into the mixture. 

Eldred does not regard a finely-divided catalyst as desirable as 
one having a catalytic metal welded to a heat-conducting support. 
He states that since the amount of such catalytic action performed 
in a given time unit in a body of gas is strictly proportionate to the 
exposed surface of catalyzing metal, it is customary to use such metals 
in finely-divided form, sometimes as masses of powder and sometimes 
as powders adhering to and held by inert porous materials, sindi 
as asbestos, glass wool and the like, but that those expedients while 
giving great surface to a given amount of metal do not give a jiro- 
portionatcly great ex]:)osure of such metal to the gases or vapors to 
be treated. It is substantially impossible to drive or distribute gases 

♦ Seifen. Ztg., 191.3, 1298. 

t Soifen. Ztg., 1913, 1271. 

X U. S. Patent 1,043,580, Nov. 5, 1912. 
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uniformly throughout a body of powder, and in passing gases over a 
body of such powder it is substantially only the top layers of the 
powder which display a maximum activity, underlaying layers not 
functioning to any great extemt. Use of very thin layers of powder 
of course nec(\ssitates unduly extended shelf surface. Eldred observes 
that near!}’ all (catalyses are exothermic reactions, heat being developed 
by the action, and frequently the amount of heat is rather large. And 
as it is usually desirable to work within comparatively narrow tem- 
perature limits, keeping and maintaining the catalytic metal within a 
few degrc'es of som(‘ definite^ temperature, this evolution of heat may 
become a serious matter. Nearly all the catalytically acting metals 
in the form of powders an' relatively j)oor conductors of heat. When, 
for exam})le, ])latinimi is distributed through a mass of such a heat 
insulator as asbestos, it is very hard to prevent the accumulation of 
reaction lu'at in the metal. H(aice Eldred proposes a catalytic body 
comprising the catalytic metal in the form of a very thin continuous 
layer or film supported by masses of better heat-conducting metals 
weld-unit(Ml to such layer or film and therefon^ in absolute metallic 
union then'with so that by controlling the tem})erature of the carrying 
metal the temperature of the film or layer can also be controlled. A 
catalyst may be made by welding a sheath or coating of i)latinum on a 
bilhit of copp(T or steel and “ coextending ” the joined metals to form 
wire or sheet metal. If 3 to 10 p('r cent of platinum be placed on the 
original billet an<l (‘oext('nsion be performed with care, the wire, sheet 
or leaf metal formed will also hav(‘ 3 to 10 per cent of platinum, but 
this thickness in such coextended ware will correspond to an extremely 
tenuous layer. Cobalt and nickel may be united to steel or copper 
billets, and tlui duplex or compound billets extended in similar manner 
to produce catalysts having film coatings of cobalt or nickel. The 
cobalt or nickel may be united to the underlying core metal directly 
or through a linking layer of another metal such as gold, silver or 
copper. Eldred mentions the cobalt and nickel catalyzers as useful 
in hydrogenation reactions. 

In the preparation of a catalytic body Ellis * recommends the use 
of wood charcoal which possesses the property of absorbing or occlud- 
ing hydrogen and when incorporated with nickel or other metal catalyst 
serves as an activator and storehouse of hydrogen. If nickel is used, 
a ratio of one part of metal to four parts of charcoal is best not ex- 
ceeded. The metallic compound may be precipitated more or less 
on the surface of the charcoal particles by wetting the latter with a 
solution of a precipitant and adding a solution of a nickel salt. Pre- 
, ♦ U. S. Patent 1,060,673, of May 6, 1913. 
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cipitation under these conditions is largely external. Exposure of 
the composition to the air after reduction is to be avoided.* 

Miiiler f finds the catalytic activity of iron and nickel, especially in 
connection with processes for the introduction of hydrogen into gly- 
cerides of unsaturated fatty acids, is considerably augmented and 
caused to resemble in activity the catalytic properties of tlie noble 
metals, such as ])alladium, if the former metals after ignition in hydro- 
gen arc heated in a stream of carbonic acid gas in order, apparently, 
to destroy the metal hydrides which are formed and convert the cata- 
lyzer into the pure metal. Muller says the process also makes pos- 
sible the elimination of fiiu^ly-divided catalyzer, whose production and 
application the patentee states is accompanied with many difficulties, 
and its rei)lacement by coarse fragments of mcital, such as filings and 
shavings of iron, nickel and co})per, first igniting the latter in hydrogen 
and then in carbonic acid gas. He states that (;ommon iron filings 
caused a rediud-ion of the iodine number of only 2J per cent in two 
hours, while using filings which had been treated with carbon dioxide 
the iodine number was reduced 25 per cent. 

When nickel hypophosphite .solution is boiled, metallic nickel is 
precij)itated, under some conditions as thin metallic leaves; under 
other conditions as a fine powder. The latter form acts catalytically 
on sodium hypophosphite in solution giving acid .sodium phosphite 
with evolution of hydrogen. The powder form is obtained by dis- 
solving 20 grams nickel .sulfate in 100 cc. water, heating on a water 
bath, introducing in one addition 70 grams sodium hypophosphite 
and stirring. At the end of one hour reduction is complete. Dis- 
tilled water is added, the nickel material is allowed to settle and is 
washed by decantation. J Palladium prepared in a somewhat similar 
manner decomposes sodium hypophosphite very effectively.! 

On account of the relatively low degree of sensitiveness of nickel 
oxide catalyzers to the usual catalyzer poisons Erdmann || was able to 
readily hydrogenate Japanese fish oil containing a high content of free 
fatty acid and also certain sulfur-containing oils, such as Egyptian 
cottonseed oil. 

If the hardening operation is interrupted before the reaction is com- 

* See iilao Ellis, U. S. Patent 1,088,673, Feb. 24, 1914. 

t Seifen. Ztg. (1913), 747; French Patent 540,703 (1912); British Patent 22,092, 
Sept. 28, 1912, to Muller Speisefettfabrik. 

I The author has noted that this precipitated nickel material is catalytic and 
readily acts to harden cottonseed oil at a temperature of 210° C., or thereabouts, 
with hydrogen at atmospheric pressure. 

§ Breteau, Bull. Soc. Chim. (1911), 9> 515-519. 

II Chem. Ztg., 1913, 1142, 1173 and 1195. 
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plete, and the catalyzer collected by centrifuging, extraction with 
benzol or other solvents shows the rate of removal of the residual fatty 
substances from the catalyzer to be very slow. The fat clings strongly 
to the catalytic body. On the contrary when the reaction is at an end 
the catalyzer separates in a flocculent condition. Because of this, 
Erdinanii is of the opinion that the oxide and unsaturated fat form 
a loose addition compound which is subsequently split by hydrogen. 
Analysis of the bla(^k nickel material obtained by extracting the fat 
from used catalyzer shows several per cent of carbon to be present, 
apparently united to the nickel as a kind of carbide. The greater 
I)ortion of the used catalyzer consists of a mixture of nickel oxide and 
suboxide. The latter is looked upon as Ni.O, described by Bellucci 
and Corelli.* The hydrogen transference probably takes jdace in 
oiK^ of two ways: either an intermediate phase represented by the 


compounds 


HC - Ni\ 

I yO and 

HC - NK 


H.Ni' 

H.Ni 


>0 


is formed (the latter compound carrying its hydrogen very loosely 
bound) ; or a decomposition of water may take place in accordance 
with the reaction 

NbO + H 2 O = 2 NiO + H 2 


yielding hydrogen in a nascent state which is assumed to unite with 
the unsaturated fat, while the nickel oxide formed is reduced to the 
suboxide by hydrogen in the molecular condition. Which of these 
views is correct can be ascertained only by further investigations. 
Hydrated nickel oxide or nickel carbonate may be used in place of the 
oxide, and under some conditions apparently also nickel salts such as 
the formate and acetate. These salts act as hydrogen carriers only 
after the acid radical has been split up and the free metallic oxide 
formed. 

The conclusion is reached by Bedford and Erdmann f that some of 
the organic salts of nickel act like nickel oxide as catalyzers and form 
in fact nickel oxide by decomposition when heated in the presence of 
hydrogen. A number of tests were carried out using nickel formate, 
acetate, oleate and linoleate. In one case 200 grams of cottonseed oil 
were heated to 253° C. with nickel formate (equivalent to 2.4 grams 


* Atti. R. Accad. dei Lincei, 22 , 1, 603 and 703. 
t Jour. f. prakt. Chemie, 1913, 449. 
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NiO), and hydrogen passed into the mixture. The oil quickly darkened 
due to the formation of finely-divided nickel and nickel oxitle. After 
one and oiK'-half hours the solidifying point of the fatty product was 
51.2° C'. 200 grams of cottonseed oil, 0 grams of nickel acetate and 

20 cc. of water w(‘re heated and hydrogen passed therethrough. The 
temperature was brought to 215 to 220 degrees, ddie acetate rMained its 
green color un(‘hanged and no hardening of the oil was observed. The 
temperature was then raisi^d to 240 to 250 degrees when the mixture 
turned black and in on(‘ and one-half hours the solidifying point of the 
hardened oil was 49 degrees. 250 cc. linseed oil with 6.3 grams of 
nick(‘l linokiate (equivalent to 1.2 gram NiO) was treated with hydro- 
gen at 2.65 degrees for three hours yielding a product having a solidi- 
fying point of 44.5° C. The catalyz(T at the close of the test consisted 
of nickel oxide and suboxide and nick(‘l soap. Using 11.5 grams of 
nickel oleate to 200 grams of cottonseed oil it was found that the black 
coloration occurred above 220 degrees. Hydrogenation was carried on 
at 250 degrees and after two hours the solidifying point was 41 degrees. 
On the glass walls of the reaction flask a brilliant mirror of metallic 
nickel formed, which in the course of time separated in coarse flakes. 

A catalyzer which remains easily in suspension is prepared accord- 
ing to the Bremen-Besigheimer Olfabriken * by incorporating a 
metal salt with an inorganic carrier and drying this product in the 
presence of the unsaturated material which is subsequently to be 
hydrogenated, or for that matter with any suitable indifferent liquid. 
The mixture is treated so as to expel all of the water and a part of the 
volatile acid of the salt which otherwise might become free and act 
injuriously during the reduction process. 

By this removal of water and acid the catalyzer is put into such a 
condition that it is capable of remaining suspended in oils and fats. 
In the application of the catalyzer for the reduction of the latter a 
carrier, such as kieselguhr, asbestos and the like, is treated with a 
solution of a metallic salt, such, for example, as nickel acetate. AHer 
drying the material it is ground with a quantity of oil so as to yield 
the catalyzer in an extremely finely-divided condition and disseminated 
through the oil vehicle. The water and acetic acid are now removed 
by heating the mixture to 150° to 200° C. in a closed vessel fitted with 
an agitator and vacuum pump. After the volatile material has been 
removed by such a treatment, hydrogen is conducted through the 
resulting product. t 

* Zcitsch. f. angow. Chem. (1913), Ref. 604. , , 

t A form of treatment of oil and catalyzer with hydrogen, as disclosed by the 
Besigheimer Olfabriken, is noted in Seifen. Ztg. (1913), 1007. 
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Higgins * states that the conversion of unsaturated fatty acids or 
their glycerides or other unsaturated compounds into the correspond- 
ing saturated compounds, by means of hydrogen in presence of finely- 
divided nickel or other metal, is accelerated by the presence of formic 
acid or other volatile organic acid. From 1 to 2 per cent of formic 
acid, calculated on the weight of unsaturated material, has been found 
a suitable proportion. The hydrogen may be passed through a vessel 
containing the volatile acid before admitting it to the mixture of 
unsaturated compound and metal. 

According to Wimmer and Higgins f catalytic material may be 
prepared from nickel salts, such as nickel formate, by mixing with a 
protecting material, the latter, for example, being an oily body, and 
then reducing the salt to yield the nickel in a metallic condition. The 
oil serves to preserve the catalytic properties of the reduced substance. 

Wimmer has observed that the content of free fatty acid is increased 
by hydrogenation and has offered as a remedy the addition of drying 
agents to the catalytic; material. Ignited sodium or magnesium sulfate 
are recommended for the purpose. In hardening cottonseed oil Wim- 
mer uses 3 to 10 per cent of sodium sulfate and 2 to 3 per (;ent of nickel 
formate calculated on the weight of the oil. He found a sample of 
peanut oil containing 0,5 per cent of fatty acid, after hardening in this 
manner, to contain 0.42 per cent of fatty acid, while without an addition 
of sodium sulfate the acid content was 0.72 per cent.! 

A flaky form of nickel catalyzer is brought forward by Hagemann 
and Baskerville § to replace nickel supported on an inert carrier. 
They observe that the application of the latter type of catalyzers 
involves a number of technical difficulties; for instance, on account 
of their finely-divided state, such catalyzers cannot be readily and 
satisfactorily separated and recovered from the fats, and, owing to 
their density, do not remain well suspended in the oil treated, when 
such suspension is desired. The use of a metal precipitated upon an 
inert carrier, such as kieselguhr, they note, has not given entirely 

* British Patent 18,282, Aug. 8, 1912. 

t French Patent 454,501, Feb. 18, 1913. When nickel formate is used, it serves 
both as reducing agent and as catalyst; with zinc formate, addition of a known 
catalyst, such as palladium chloride, is desirable. The temperature used is pref- 
erably about 20® C. below that at which the formate would decompose into the 
oxalate at the pressure existing during the operation. (Higgins, British Patent 
23,377, Oct. 12, 1912.) Wimmer and Higgins (Seifen. Ztg., 1914, 7) state that the 
metal salts of organic acids may be used for the hydrogenation of various organic 
compounds of an unsaturated nature in addition to oils and fats. 

I Seifen. Ztg., 1914, 390. 

i g. S. Patent.1,083,930, Jan. 13, 1914. 
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satisfactory results, probably for the reason that only a small part 
(one side) of the film of the precipitated metal comes into actual con- 
tact with the liquid to be reduced and the hydrogen, and the remainder 
of the metal is consequently inactive, since the reacting materials 
cannot come into contact therewith. Other stated objections to the 
use of such a catalyst are that the process of revivification is^quite an 
expensive undertaking, since the metal must be dissolved in an acid, 
and reprecipitated upon kieselguhr; that it is difficult to obtain a 
catalyzer by precipitation and reduction methods, which is free from 
oxides and other impurities; and that fatty oils hydrogenated with 
such finely-divided catalyzers will contain metallic soaps, such as 
soaps having a nickel base, which are undesirable from economic 
and hygienic standpoints. Hagemann and Baskcrville observe that 
metals having catalytic activity, such as nickel, or cobalt, brought into 
a state of extremely thin films, or flakes, by mechanical, chemical or 
galvanoplastic processes, as, for example, by the method shown by 
Edison,* offer technical advantages as catalysts in the hydrogenation 
of fatty oils. These films, or flakes, are obtainable in a state of high 
purity, and may be employed either in the metallic (pure) state or 
after being partially oxidized. Films can readily be prepared, having 
a thickness of from one twenty-thousandth to one forty-thousandth 
of an inch, and accordingly the efficiency of a given weight of a cata- 
lytic metal, for example, nickel, when applied in this form, is high, 
owing to the large amount of exposed surface. Such films, or flakes, 
will, on account of their extreme thinness, readily float and remain 
evenly distributed throughout the whole mass of fats or oils.f The 
separation of the hardened products from the flaky nickel, cobalt, etc., 
is said to be accomplished without difficulty. In the revivification 
and recovery of the catalyzer for subsequent use it has been found 
that flaky metals, as nickel, etc., admit of economical treatment, for 
the flakes retain their physical form. In this revivification the flakes, 
or films, from which the fat has been removed (for example, by ex- 
traction with a suitable solvent) are subjected to superficial oxidation 
followed by reduction with hydrogen at, say, 300° C., or higher, in a 
current of oxygen or air, or by treatment with oxidizing agents in 
liquids in which the metallic flakes are suspended. In such a manner 
Hagemann and Baskerville state they can repeatedly produce freshly- 
reduced surfaces to both sides of the metal flakes, or films, without 

♦ U. S. Patent 865,688. See also 821,626. 

t The author has made use of a form of flaky nickel derived from nickel carbonyl 
in hydrogenating oils and has found this form of the metal to be satisfactory from 
the catalytic standpoint. 
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having recourse to conversion of the metal into a soluble salt, precipi- 
tating, igniting and reducing. 

Another method* of forming a catalyzer involves the utilization of 
the disintegrating effect of an electrical current or arc between a pole or 
poles of nickel immersed in a vehicle offering considerable resistance to 
the electric current, such as water, or aqueous solutions, thereby pro- 
ducing nickel material in a finely-divided condition, requiring little or 
no further treatment to serve as a catalyzer. For example, two elec- 
trodes of pure ni(;kel in bar or rod form are connected one to the positive 
and the other to the negative pole of a source of electricity. The ends 
of the nickel rods are dipped in water and brought in contact, then sep- 
arated so as to form an arc under the water. This results in the pro- 
duction of nickel material usually of a brown to blackish color in a state 
of more or less fine division, some of this material often being so fine 
and flocculent as to remain suspended in water for several days. Dis- 
tilled water should preferably be used though under some circumstances 
saline solutions may be employed. By the use of distilled water the in- 
troduction of contaminating bodies is practically or entirely avoidexi. 

Careful regulation of the arc is desirable in order to avoid melting 
away particles of nickel in the shape of large fragments which are not 
useful for the present purpose, although some coarse material is usually 
formed. When the product contains such heavy nickel particles it 
may be levigated and the lighter sludge separated from the heavy 
nickel residue. The sludge is evaporated to dryness when a very light 
nickel material is obtained, which may be used at once as a catalytic 
body or may first be reduced in hydrogen. Or, the wet sludge may be 
heated with oil to expel the water in order to produce a form of nickel 
which remains suspended in oil for a long period and this may be used 
as catalytic basis. In such a case it is usually well to heat to 230 to 
250° C. in the early stage of the hydrogenation treatment and after a 
time the temperature may be reduced to 200 degrees and lower. 

Boberg f prepares a catalyst by reduction with hydrogen of a metal- 
lic compound, such as ignited nickel carbonate, under such conditions 
that the resulting product is a complex compound of one or more sub- 
oxides of the metal. The preferred range of temperature during re- 
duction is from 230° to 270° C., the material being heated for a longer 
period the lower the temperature employed. It is stated that unneces- 
sarily protracted heating should be avoided as leading to a more com- 
plete reductiop with loss of activity in the product. 

The product may be collected for immediate use in the medium in 

* Ellis, U. S. Patent 1,092,206, April 7, 1914. 

f U. S. Patent 1,093,377, April 14, 1914. 
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whi(5h it is to be used, c.g., oil, but if not required at once slow oxidation 
in the atmosphere can be allowed, providcxl local overheating is pre- 
vented (which leads to excessive oxidation) and the material can then 
be kept without special precautions against oxidation and restored to 
full activity when required. For instance the material may be col- 
lected in water and then filtered therefrom and allowed to dry in the air 
or may be collected in an atmosphere of hydrogen, which is then slowly 
replaced by oxygen or air. 

In order to prepare it for use the material only requires to be heated 
for say one to two hours at about 180° C. in an atmosphere of hydrogen 
or the catalyst may be treated with hydrogen when in suspension in a 
suitable liquid. When the catalyst is used for hardening fats or oils no 
special treatment of this kind is necessary as the catalyst acquires its 
full activity in the early stages of the process. 

The catalyst may be prepared by reducing to nickel as completely 
as possible one of the oxides of nickel and oxidizing this product with 
air or oxygen diluted with an inert gas, the proportion of oxygen being 
regulated to avoid local overheating. This oxidizing action can be 
carried out at between 300° and 600° C. 

Boberg states that he has “made experiments with various prod- 
u(!ts of reduction and has obtained the following results: The prod- 
uct of reduction of such a composition that an ultimate analysis gives 
a proportion of nickel to oxygen corresponding to an imaginary formula 
Ni 9 . 30 , i.e., but little suboxide, produced, in a certain time, hardening 
of a liciuid fat up to a melting point of 40° C., whereas, a product corre- 
sponding to an imaginary formula Ni 2 (560 gave in the same time and 
for the same material hardening corresponding to a molting point of 
58° C. It appeared, however, that with a lesser proportion of nickel in 
the product, i.e., a composition that apparently indicated the presence 
of higher oxides, the product was less active, while, at the same time, 
compounds containing even higher proportions of metallic nickel than 
that first specified above, viz., Ni!). 30 ,were still less active than the latter.’’ 

Boron may be used as a catalyzer according to Hildesheimer.* If 
the material is a gas it is simply mixed with hydrogen and passed over 
the boron material; if liquid, it is mixed with boron and hydrogen is 
passed through it. When the addition of hydrogen is completed the 
boron is separated by filtration and is ready for use again. The 
catalytic action is assumed to depend upon the intermediate forma- 
tion of boron hydride BH3. The rate of conversion is influenced by 
the temperature and pressure as well as the amount of boron. Cotton- 
seed oil and other unsaturated compounds, such, for example, as ethyl- 
* Zeitsch. f. angew. Chem. (1913), Ref. 583. 
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ene, add hydrogen under these conditions. In place of boron some 
of its compounds, such as boron hydride, and metallic compounds of 
boron, such as aluminium boride, may be used. Gases containing 
hydrogen may be used in place of pure hydrogen.* 

On the large scale the manufacture of catalyzers by reduction of the 
oxide of -a metal in a current of hydrogen has been found to bring with 
it a train of difficulties. A method of reducing catalyzer in a con- 
tinuous manner t which simplifies the operation to a considerable 
extent is shown in Fig. 46. A charge of the material to be reduced 



Fig. 46. 


is fed from the hopper and feed arrangement into a series of hori- 
zontal parallel conveyors 1, 2, 3 and 4 into which a current of hydrogen 
gas is introduced by the pipe 5. These conveyors connect one with 
another alternately so that the material travels in one direction through 
a given conveyor, then falls into the conveyor beneath and travels in 

* A process of hydrogenation involving the use of chloride of mercury is described 
in an Austrian patent application noted in Seifen. Ztg. (1913), 1413. According to 
the method set forth fatty acids or their glycerides are heated to a temperature 
below 180® C. with a mixture of a difficultly reducible inorganic salt of a base metal 
in company with chloride of mercury and at the same time hydrogen or other reduc- 
ing-gas mixture is passed through the oil. 

, t Ellis, U. S., Patent 1,078,541, Nov. 11, 1913. 
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an opposite direction. At the same time the material is heated to the 
proper temperature of reduction and throughout its travel is in con- 
tact with a counter-current of hydrogen. Thus, the more nearly 
reduced material is constantly progressing into a zone of purer hydro- 
gen, while the fresh raw material meets hydrogen charged with steam. 
In this manner conditions of reduction are so facilitated tha*t the use 



of a great excess of hydrogen to remove the steam does not become 
nec(\sHary. After th(‘ catalyzer has been reduced it may be mixed 
with oil ill anotlier conveyor and be subsequently carried to a grinder 
or beating apparatus where the coarser particles arc broken down. 

Another form of catalyzer reducing chamber is shown in Fig. 47 
and consists of a closed chamber equipped with a stirrer and with a 
conveyor to remove the reduced material.* 


♦ Ellis, U. S. Patent 1,084,202, Jan. 13, 1914. 



CHAPTER VI 


THE BASE METALS AS CATALYZERS— Continued 

Dewar and Liebmann * observe that the temperature at which the 
reduction by hydrogen of oxides or hydrates of nickel, cobalt, copper 
and iron commences can be considerably reduced and that this is 
of importance as the production of catalysts at a low temperature 
is advantageous. 

The lower temperature prevents the possibility of the new molecular aggre- 
gations of the finely-divided metals. It renders it possible to produce the 
catalyst and effect hydrogenation in one operation, at such a low temperature 
as prevents decomposition of the oils and fats. The method of Dewar and 
Liebmann consists in the reduction by hydrogen at a relatively low temperature 
of a mixture of the oxides or carbonates (either hydrated or anhydrous) of two 
or more catalytic metals, Ni, Co, Cu and Fe, or of a mixture of the oxides of 
one or more of these catalytic metals with palladium, platinum or silver in a 
fine state of division. A mixture of the oxides of one or more of these catalytic 
metals along with silver oxide can also be employed. A mixture of anhydrous 
oxides may be obtained from the hydrates or nitrates or carbonates by heating. 
In practice they find that in preparing the anhydrous oxides from a mixture of 
nitrates, the use of a mixed aqueous solution gives on evaporation a product 
which, after heating, is particularly suitable for the reduction. 

The following examples are given by Dewar and Liebmann: 

(1) A solution prepared by dissolving 98.2 parts of nickel nitrate (fiHaO) and 
9.3 parts of copper nitrate (6H2O) is heated and precipitated while hot with a 
slight excess of caustic soda. The mixture is then boiled and the precipitate 
collected on a filter and washed with hot water until free from soluble salts. It 
is subsequently dried on the water-bath and the drying is finally completed in 
an oven at a tempercture of about 130® C. The reduction by hydrogen is nearly 
completed after about two hours at about 170® C. 

(2) A solution prepared by dissolving 44.6 parts of cobalt nitrate (crystals) 
and 4.66 parts of copper nitrate (crystals) is heated and precipitated with a 
slight excess of caustic soda. The mixture is then boiled and the precipitate 
collected on a filter and washed with hot water until free from soluble com- 
pounds, then dried on the water-bath. The reduction by hydrogen is practically 
complete after four hours at about 18ff® C. The reduction product contains 
10 per cent copper and 90 per cent of cobalt. 

(3) A solution prepared by dissolving 65 parts of iron nitrate (crystals) and 
4.65 parts of. copper nitrate (crystals) is heated and precipitated while hot 
with a slight excess of caustic soda. The mixture is boiled, filtered and washed 

♦LS. C. L, 1014, 797, British Patent No. 12,981, 1913; U. S. Patent No. 
1 June 1918. See also U. S. Patent No. 1,156,068, Oct. 12, 1915 to Ellis. 
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until free from soluble compounds, then subsequently dried on the water-bath. 
The reduction by hydrogen is practically complete after two and one-half hours 
at from about 275® to 320® C. The reduction product contains 10 per cent of 
copper and 90 per cent of iron. 

(4) A solution of .218 part of platinum chloride and 49.1 parts of nickel 
nitrate (crystals) is poured into a boiling aqueous solution containing thirty 
parts of caustic soda and two parts by weight of 40 per cent formalin. The 
boiling is continued for some time and the precipitate separated is collected on a 
filter, washed until free from soluble salts and dried on the water-bath. On 
being treated with hydrogen, the reduction is practically complete after four 
hours, at about 200® C. and the reduction product contains 1 per cent of plat- 
inum and 99 per cent nickel. Mixtures of nickel hydrate and palladium can be 
prepared in like manner. 

(5) A solution of 89.2 parts of nickel nitrate (crystals) and 3.16 parts of silver 
nitrate is poured into a warm solution of 30 parts of caustic soda and boiled. 
The precii)itatc is then collected on a filter, washed until free from soluble 
compounds and dried on the water-bath. The reduction of this compound by 
hydrogen is practically complete in about two hours at about 200® to 210° C. 
and the reduction product contains 10 per cent of silver and 90 per cent of 
nickel. 

(G) Forty-two parts of kieselguhr are impregnated with 100 parts of a solution 
containing 12 j parts of nickel nitrate (crystals) and 121 parts of copper nitrate 
(crystals). A solution of 11 parts of sodium carbonate in 100 parts of water is 
added and the whole well stirred together. The precipitate is collected on a 
filter, washed thoroughly until free from soluble salts and dried on the water- 
bath. The reduction is practically complete after one hour’s treatment with 
hydrogen at about 170° p., and the reduction product contains after treatment 
for another hour at about 180® C. 99 per cent of metallic contents. 

A metal powder catalyzer is prepared by Ellis* by reducing nickel 
hydrate suspended in heated oil through which hydrogen is passed. 
Composite catalyzers such as nickel and cobalt or copper are pre- 
pared in a similar manner. The nickel-copper catalyzer is useful in 
hydrogenating fish oil. It also has been found more active than nickel 
alone in hydrogenating oleic acid. 

Kayserf refers to the use in catalytic processes, of nickel com- 
pounds, such as the carbonate, hydrate, oxide, formate or acetate 
and notes that before these bodies become capable of transmitting 
hydrogen, they have to suffer preliminary changes, of a hitherto 
undefined nature. Such changes, be claims, do not take place at a 
temperature materially below 250 or even 275° C. Once formed, the 
catalyzers will transmit hydrogen to fatty bodies at a more moder- 
ate temperature. 

Excessive heating of all but a limited quantity of fatty material may be 
avoided, in the practice of fat-hardening, by preparing a concentrated fatty 

*U. S. Patent No. 1,150,068, October 12, 1915. 
t U. S. Patent No. 1,236,446, August 14, 1917. 
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catalyzer-paste or catalyzer-cake, which is thereafter used at a lower tempera- 
ture for the conversion of unsaturated fatty bodies in presence of hydrogen; 
or the preliminary treatment of the catalyzer stock may be carried out at rela- 
tively high temperatures in another medium, such as paraffine wax, the resulting 
catalyzer being thereafter isolated. These methods, however, are stated to be 
not without inconvenience and drawbacks. Kayser observes that these nickel 
compounds, and some others not hitherto available, can readily be converted 
into catalyzers of superior activity and longevity, and this at a temperature 
not exceeding 180® C., when the preliminary treatment is carried out in presence 
of a small quantity of certain finely-divided metals, and that fatty bodies can, 
at a moderate temperature, be conveniently saturated with hydrogen to any 
desired degree if they are submitted to the action of hydrogen in the simul- 
taneous presence of the usual amount of nickel compound and of a compara- 
tively small amount of finely-divided auxiliary catalytic metal, such as would by 
itself exercise upon the fat but very slight action, or no action whatever. 

Thus, if cottonseed oil be agitated with hydrogen at 180° C. in pre ence of 
about 2.5 per cent of commercial nickel carbonate, the mixture does not change 
color, and no hardening of the oil takes place. If the oil be similarly reaped 
with gas in the sole presence of about, I g. of so-called “ atomic copper, pre- 
pared by the action of zinc dust on copper sulphate solution, a like negative 
result is registered. If, however, quantities of nickel carbonate and copper metal 
be simultaneously present, the charge rapidly darkens and becomes progressively 
hardened, showing after two hours a melting-point of 46° C., after three hours, 
62° C., and after four hours, 56° C. When finally freed from suspended cata- 
lyzer by filtration or other mechanical means, the fat w 11 set to a white, taste- 
less and odorless, brittle solid. The recovered catalyzer can repeatedly be used 
in the same manner; its activity will at first be found to increase and then to 
slowly decline. Similar, but somewhat inferior, results are stated to be pro- 
duced with nickel hydrate in [dace of carbonate, while the oxides and organic 
nickel salts do not readily cooperate, or entirely fail, with copper. Such organic 
compounds, as the formate, on the contrary are, like the hydrate, the carbonate 
and the oxide of nickel, rapidly transformed and activated by a small quantity 
of catalytic metallic nickel, produced by dry reduction of the oxide, hydrate or 
carbonate in a current of hydrogen. Even the oxalate, otherwise quite stable, 
at 275° C. is said to be readily transformed into an efficient catalyzer. For 
example, 250 g. of cottonseed oil, agitated with hydrogen at 180° C. in presence 
of 3.6. g. of active nickel-powder, are in three hours hardened to a melting-point 
of 37° C.; in the simultaneous presence of 7 g. of nickel hydrate the charge 
rapidly turns grey and, wheh filtered after three hours running yields a white fat, 
melting at 54° C. In the same manner, cooperation of 0.6 g. nickel-powder with 
12.6 g. nickel oxalate yields in three hours a white fat, melting at 54° C. The 
reactions described may frequently be facilitated by using, instead of the pure 
nickel compound and the pure auxiliary metal, the like bodies, deposited upon 
kieselguhr or a similar indifferent support. The chemical nature and the appear- 
ance of the catalyzer produced by the process, varies with the auxiliary metal 
employed. Nickel is stated to yield a grey, non-metallic catalyzer, while copper 
produces a black body, developing with hydrochloric acid far less hydrogen, 
than what would correspond with the hypothetical sub-oxide NijO. 

A catalyzer used by Lubeck and Payet* is prepared b / mixing cuprous chloride 
• J. S. C. I., 1909, 830. French Patent No. 397,746, March 5, 1908. 
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with native hydrated co})alt oxide and heating in vacuo to 450° C. A current 
of hydrogen or of illuminating giis, previously heated to 120° C., is then passed 
over the material. By treatment with hydrochloric acid cuprous chloride is 
dissolved and a double chloride of cobalt and copper precipitated, or a mixture 
of hydrated (;obalt chloride and copper chlorides, according to the conditions 
of heating in hydrogen. The precipitate is allowed to settle on pieces of pumice 
which are afterwards dried. * 

Silicious material, known as monox or silicon monoxide, which is 
of a very light and voluminous character and is prepared in an 
electric furnace was tested in the author’s laboratory as a support- 
ing matei'ial for nickel in the preparation of a catalyzer. 

By means of a solution of nickel nitrate the monox was saturated with the 
nickel solution and the mixture ignited until red fumes ceased to be evolved. 
The product was then r(*duced to a fine powder and heated for one hour in a 
current of hydrogen at. a temperature of 1340° C. The reduced catalyzer was 
pre-iorved under oil. I’hc projxirtions used in preparing the materials were 
10 parts by weight of nickel nitrate Ni(NO )2-Gll20 to 8 parts of monox. 
Cottonseed oil containing 5 per cent of this catalyzer or approximately 1 per 
cent of the reduced nickel was heated for SI hours to 174°-180° C., while a 
continuous stream of hydrogen was passed through the oil and the melting- 
point of the hardened product which resulted was 48.2° C. 

Fresenius describes a process of hydrogenating organic compounds 
such as unsaturated oils which consists in mixing the oil with pure 
powdered carbon (Kohlenpulver) heating and conducting in the 
presence of hydrogen over contact material such as porous carbon, 
metal carbides or other known contact materials. The hydrogena- 
tion is in this manner carried to completion in a short time. Fur- 
thermore, this process is stated to avoid high temperatures common 
to other processes so that the fat is not injured and hence the product 
is well adapted for edible purposes.*! 

A method of preparation of a nickel-charcoal catalyzer is described 
by Ellis, t 

The charcoal may be purified by washing with dilute nitric acid and also in 
some Case.s with alkali so as to remove undesirable mineral matter; finally 
washing with distilled water, thereby obtaining a good, clean material. Nickel 
hydroxide, preferably fre.shly prepared in a state of purity is dissolved in a con- 
centrated ammoniacal solution and the charcoal is treated with the solution. 
Only approximately enough ammonia is used to dissolve the nickel hydrate and 
the quantity of the latter with reference to the amount of the charcoal is prefer- 

♦ Seifen. Ztg., 1914, 1282. 

t The use as catalyzers of such substances as iron oxide, pumice stene, bone black, 
charcoal or copper oxide is recommended by Ellis and McElroy (U. S. Patent No. 
914,251 of March 2, 1909), in connection with the manufacture of chlorinated naph- 
thalene. 

t U. S. Patent No. 1,156,674, October 12, 1915. 
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ably proportioned to give a product having from 10 to 30 per cent of nickel. 
After the nickel solution and the char(!oal have Ik'om incorporated the material 
is dried wlien the ammonia evaporates and the produ(!t is then reduced with 
hydrogen.* t 

A catalyzer, for hydrogenating oils, described by Ittner J is pre- 
pared frem char(;oal which has deposited throughout its structure a 
f^mall amount of certain mineral bedies, as, for example, compounds 
of the earth metals or alkaline earth metals, such as alumina, or 
silicates of metals like aluminum, calcium, magnesium and cerium. 

The product is stated to po.sscss entirely different properties from ordinary 
charcoal, in so far as its catalytic activity is concerned, although in other nwjiects 
identical with ordinary charcoal. Ittner observes that this superior catalytic 
activity of the charcoal treated as described is developed when it is used as 
the porous body upon which catalytic material, e.g., metallic nickel, active nickel 
oxide, or the like, is deposited, and is extraordinary in degree. In the prepara- 
tion of the charcoal spruce or cedar wood may be subjected t,o dry distillation in 
a retort. Good results are obtained with both coniferous and deciduous wood. 
Active (iharcoal also may be made from oUht organic substances, as, for instance, 
cornstalks and jieat. The atmosphere of the r(‘tort may be kept under reduced 
pressure, or the distilling operation may be expedited by means of a current 
of superheated steam jiasaed through the retort, or a current of (tarbon dioxide 
gas. It is best not to use too high a temperature in making thi' charcoal, but 
it should nevertheless be sufficiently high to drive off volatile matter. After 
the distillation has progressed until volatile products of decomposition are no 
longer givim off by increased heat, the resulting charcoal is allow(*d to cool out 
of contact with the air. When cool, it may then be powdered, and saturaUal 
with a dilute solution of an alkaline silicate; an 8 per cent solution of sodium 
silicate may be used to advantage. The charcoal thus impregnated with silicate 
should then be heated in a closed retort, to a dull red heat or a temperature 
somewhat under a dull red heat. It should then be allowed to cool to atmos- 
pheric temperature out of contact with air before being removed from the retort 
and may then be treated with a solution of, say, aluminum sulphate, alum, or 
other salt of aluminum. The support thus prepared may be washed with water, 
and coated or impregnated with catalytic metal, as for instance, nickel, or the 
active oxide. Any of the well-known methods for coating or impregnating a 
support with an active catalytic metal may be used. If the nickel is obtained 
by first saturating the active charcoal with a solution of nickel nitrate, and 
later igniting in the presence of the nitrate, a dilute solution of the nitrate is 
found to give the best results. A good way to prepare the catalyzer is to sat- 
urate the active charcoal with a solution of some nickel salt, remove the excess 
nickel solution by pressure or filtration, and then treat the active charcoal, 
coated and impregnated with nickel solution, with an excess of a dilute solution 
of sodium carl)onate or other precipitant, whereby, Ittner states, the nickel 
becomes fixed within and upon the active charcoal in a form insoluble in water. 

♦Finely-divided nascent carbon which forms in cracking oils acts as a hydro- 
genating catalyst under some conditions (British Patent No. 9,728, July 3, 1915.) 

fSee also U. S. Patent No. 1.174,245, March 7, 1916 to Ellis. 

I U. S. Patent No. 1,238,774, September 4, 1917. 
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The excess sodium carbonate and other soluble salts should then be washed 
out with water, and the mass subjected to drying and to heat in a current of 
hydrogen gas to yield metallic nickel. Ittner also gives directions for making 
nickel oxide in active form, in place of the metal. A catalyzer prepared, as 
described, from charcoal rendered active by the treatment noted is asserted to be 
from ten to more than one hundred times as active in the hydrogenation of oils 
as a catalyzer which is in all other respects the same except for the* manner in 
which the charcoal is prepared, and it is very much more active than catalyzers 
in other respects the same but which are made with the employment of kiesel- 
guhr, pumice, or other inert porous suppon in place of active charcoal. 

A method of forming a catalyzer described by Tamari* is as follows: 
A suitable reagent is added to a solution of such composition that 
not only the catalyzer is precipitated, but also a difficultly soluble 
carrier for the same, either simultaneously or consecutively. This 
procedure permits (1) the uniform distribution of the catalyzer in a 
finely-divided state over the carrier, (2) a ready (‘ontrol of the dis- 
tribution of the catalyzer, (3) determination of the specific gravity 
of the catalytic^ product by the proper choice of the amount and 
character of the carrier, so that when it is used in a liquid medium 
it will float or sink or remain in suspension, as desired, and (4) 
the removal of moisture, when necessary, by the selection of an 
absorbent carrier; calcium sulphate and alumina being mentioned 
for the purpose. 

A catalyzer adapted for use in the production of light from heavy 
hydrocarbons is recommended by Valpy and Lucas, f In its prepara- 
tion a powdered metallic oxide or a mixture of oxides is heated with 
organic compounds of the metal. 

Suitable proportions for a catalyzer for the production of light hydrocarbons 
frorp heavy hydrocarbons are: Ferric oxide, 32; nickel oxide, 7.5; carbon, 5.5; 
ferrous oxalate, 40; and nickel oxalate, 15 parts. The mixture is incorporated 
with 175 per cent by weight of tar, briquetted, and sintered in an enclosed 
crucible to effect reduction, at a temperature below the melting-point of the 
metal. The procedure may be applied to other catalytic metals, e.g., chromium, 
cobalt, or manganese. The addition of small amounts of aluminum, cerium, 
magnesium, or other members of the alkaline earth group is an advantage in 
many cases, for example, a portion of the carbon may be replaced by powdered 
aluminum to the extent of 1.5 per cent Of the total weight of the mixed powder. 
Other suitable mixtures are: (1) Ferric oxide, 35; manganese carbonate, 27; 
carbon, 3; aluminum, 5; and ferrous oxalate, 30 parts. (2) Ferric oxide, 36; 
nickel oxide, 15; aluminum, 3; iron tartrate, 30; and nickel acetate, 16 parts. 
17.5 parts of tar are used in each case. The catalytic bodies so obtained do not 
appear to lose their effectiveness after continued use; in fact in some cases an 
increase in eflBciency after a short period of use has been observed. 

♦Japanese Patent No. 29,986, September 5, 1916; Chem. Aba., 1917, 629. 

t British Patent No. 5847, March 7, 1914; J. S. C. I., 1916, 784. 
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The Badische Co.* report that the hydrogenation and dehydrogen- 
ation of compounds containing carbon can be carried out rapidly 
and at comparatively low temperatures, by employing, as the cata- 
lytic agent, an intimate mixture of either iron, nickel, cobalt, or 
copper, with a high melting and difficultly rediicibk^ oxide, in par- 
ticular, the oxides and oxygen salts of the earth metals, including 
the rare earths, and Uiose of beryllium, magnesium, mangaiK'se, 
uranium, vanadium, niobium, tantalum, chromium, boron, titanium 
and also difficultly soluble phosphates, molyl)dates, tungstates and 
selenates of the alkaline earths, and of lithium, or th(’ reduction 
products, containing oxygen, of these phosphates, molybdates, 
tungstates, or selenates, as for instance, the corresponding selenit('s. 
All of these compounds containing oxygen, wliich augment the 
activity of the catalytic agent, are termed '' promoters/’ 

The oxygen-containing salts of the alkaline earths and of lithium ai)pear to 
have the same action as the corresponding salts of aluminum, magnt'siurn, and 
the like, although lithium oxide and the oxides of calcium, barium, and stron- 
tium, are themselves not suitable for use as promoters. 

An intimate mixture of the catalytic metal and a promoter is n^quired and it 
is not sufficient, according to the Badische (k)., merely to pack tk(‘ components, 
for instance, nickel and alumina, side by side, into the reaction space, nor is it 
adequate to absorl) a solution of a salt, of the catalytic metal into a jiorous mass, 
such as magnesia, and then decompose the salt of the catalytic metal. Good 
results can be obtained by preiripitating the hydroxides, oxides, or carbonates, of 
the components; or mixtures of salts, for instance, the nitrates of the com- 
ponents, can be heated to fusion. Further, it is stated that the mixture can be 
obtained, although not always with equal certainty and excellence, by mechan- 
ical operations, such as by grinding together as finely as possi})le, or by kneading 
in a moist state. If necessary the mixture is subseiiucntly heated and reduced 
so that the catalytic metal (iron, nickel, cobalt, or copper), is obtained in a metallic 
condition, while the promoter always retains more or less oxygen. When the pro- 
moter is to consist of an insoluble oxide such, for instance, as aluminum oxide and 
titanium oxide, it is preferred to start with a soluble compound, and to precip- 
itate, or otherwise form the insoluble oxide on the catalytic metal, or on the 
compound from which the catalytic metal is to be prepared. For instance, if 
aluminum acetate be employed to yield the promoter, aluminum oxide, the ace- 
tate can be merely heated in the presence of the catalytic metal, or a compound 
of the latter, so that the acetic acid is driven off, and the alumina remains. If 
insoluble salts, such for instance, as certain chromates, and borates, be employed 
as promoters, these are preferably brought into intimate mixture with the 
compound, which is subsequently to give rise to the metallic catalytic agent, by 
precipitation from suitable soluble salts. The salts which act as promoters may 
contain the oxide, to which the promoting action is ascribed, either in the acid 
constituent), or in the basic constituent, or in l)oth the acid and basic con- 
stituents. Calcium aluminate, and aluminum phosphate, are instances of com- 


* British Patent No. 2306, 1914. 
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pounds of this clmraotor. In some eases, the promoter may consist of a salt, 
of which neither the acid constituent, not the basic constituent of itself acts as 
a promoter. Calcium phosphate is an example of this tyiie. 

It is particularly advantageous for the purpose of producing a very active 
contact mass to prepare, at least the catalytic metal, from carbonaceous salts, or 
mixtures of salts; for instance from carbonates, or from formates. Son^etimes 
the action of the catalytic mixture, it is alleged, can further be iifcreased by 
adding an alkaline metal compound, for instance, caustic soda, even traces of 
such bodies often having a favorable action. The introduction of bodies such 
as chlorine, sulphur, arsenic, and lead, which may, in the elementary form, act 
as contact poisons, is to lie avoided, although these contact mi.xtures are claimed 
to be not so sensitive to the action of jioi.sons as are the pure metals. It is 
consecjuently possible to employ as a promoter, an oxygen salt whi(;h c'ontains 
one of the poisonous elemcuits, but in which the poisonous action is counteracted 
by the promoting influence of th(‘ oxide; for instance, basic, aluminum sulphate 
is observed to possess a strong promoting ac'tion. The proportion of the com- 
Iionerits employed in the (jatalytn; mixture may be varied considerably, even an 
addition of 1 jier cent, or less, of the promoter is stated to produce in most 
(;as(is, favorable action. These catalytic mixtures can be used for the hydro- 
genation and didiydrogenation of comiiounds (aintaining carbon and are claimed 
to lie of particular value for the hardening of fats and fatty acids, but they can 
also be used for other purposes, for instance, for converting phenol into cyclo- 
hexanol and for reducing nitrobenzene to aniline, and for the conversion of oxides 
of carbon into hydrocarbons. 

The use of mixtures containing strongly basic bodies in the hydrogenation of 
ats is undesirable. The presence of strong bases is, in such cases, didrimental, 
since they tend to sajionify and very soon disappear from the cont-ai^t, mass. 

The following are examples of how catalysts can be prejiared aciairding to 
the foregoing, and how they are applied in the hydrogenation of organic bodies. 
The parts are by weight. 

1. Pour an aqueous solution of 1 part aluminum nitrate over 5 parts of nickel 
oxalate, evaporate the mixture and dry it and reduce it in a inirrent of hydro- 
gen at from 300® to 350® C. Then introduce the catalyzer, while excluding air, 
into a vessel, provided with a stirrer, tlie vessel containing fish oil. On treat- 
ment with hydrogen at, for instance, 100® C., hydrogenation takes place con- 
siderably more rapidly than if pure nickel were employed as the catalytic agent. 
Instead of aluminum nitrate, cerium nitrate, or cerium ammonium nitrate, can 
be employed. 

2. Precipitate a hot solution containing nickel nitrate and aluminum nitrate 
with potassium carbonate, wash and dry the precipitate, heat it to 300® C., and 
reduce with hydrogen. Then plac.c the catalytic mixture with soya bean oil in 
an autoclave, while avoiding the presence of air, heat to 80° C. and allow hydro- 
gen to act at a pressure of twenty atmospheres while mixing the constituents. 
The hydrogenation takes place very rapidly. If desired the pressure can be 
increased, for instance, up to fifty atmospheres, or higher. In this example, 
good results can also be obtained if iron nitrate be employed instead of nickel nitrate. 

3. Mix 13 parts of nickel hydroxide with 2 parts of magnesium hydroxide, 
and warm gently with concentrated formic acid free from sulphur, until the 
formates are obtained. Heat the mixture cautiously until dry, and then treat 
with hydrogen at 300® C. On treating olive oil with hydrogen in the presence 
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of this catalytic mixture at say, from 80° to 100° C. hydrogenation is effected 
more rapidly than is the case when pure nickel is used. In this example the 
hydroxides can, if desired, l)e replaced by the corresponding carbonates. Car- 
riers such as i)ieces of clay can be employed, these being soaked in a melt, or 
solution, of ni{;kel salts, preferably of the soluble double salts, such as nickel 
ammonium formate, or ammoniacal nickel carbonate, together with simdar salts 
of the promoter, and thtui treated as described. 

4. Make nickel wire netting into the form of loose spheres or rolls, clean these 
with pure dilute nitric acid, wash and moisten them with a nuxlerah'ly concen- 
trated solution of aluminum nitrate; then dry and treat with hydrogen at from 
d00° to 350° (k The contact mass containing alumina can, for in.stance, be 
em[)loyed for the hydrogimation of linseed oil which (;an be al'owed to trickle 
over the catalytic agent while the hydrogen is sui)plied. 

5. Dissolve <85 parts of nick(‘l nitrate and 15 parts of titanium lactate in a 
small quantity of hot water and jirecipilate by means of caustic soda, or sodium 
carlionate, then filter, wash, dry, and ri'duce with hydrogen at 300° C. and add 
the catalytic mixture containing titanium oxide to cottonseed oil, and treat with 
hydrogen at from 100° to 120° C\, while keeping the mixture in motion. If 
desired the reaction can be carried out under increased jiressure (for instance, 
100 atmospheres) and in this ca.se the hydrogenation takes place very rapidly, 
and complet(4y, even at a tempi'rat ure of 00° C. or lower. Further, the process 
can be made continuous by allowing the oil to flow over the (‘atalytic agent in a 
vessel capable of withstanding pres.sure whik; simultaneou.sly passing a current of 
hydrogmi into, or through the ajiparatus. The produitt is drawn off while hot 
and allow(‘d to solidify. 

6. Take freshly precipitated nickel carbonate and add from 10 to 20 per cent 
of its w(Mght of ammonium or potassium borate, whiifi has jireviously been dis- 
solved in water. Then form the mass into any desired shape, and dry and reduce 
it. The mixture can be employial for hydrogimating oils and fats, eitlier at 
ordinary pressure or under increa.sed pressure. If chromium oxide be used as 
the promoter, this can be obtained, for instance, from chromium nitrate, or from 
soluble chromates, by precijiitation. Further, when boron oxide is employed 
as the promoter, the oxide, or carbonate*, of the catalytic metal may be mixed 
with solid, or dissolved, boric acid and then be heated and reduced; or the salt 
of the catalytic metal, for instance, the nitrate, can be mixed with the borate 
of the same metal, or of a volatile or non-volatile base, and the mixture is then 
calcined and reduced. 

7. Add two parts of dissolved potassium aluminate to a solution containing 
30 parts of nickel nitrate and 1^ parts of calcium .nitrate and introduce the 
whole into a boiling solution of sodium carbonate. Then filter, wash well, dry 
and reduce. Or, add a solution of EJ parts of magnesium nitrate to 5 parts of 
nickel carbonate, and then add a solution of | of a part of ammonium phosphate 
and precipitate with caustic soda, or sodium carbonate, filter, wash, dry and 
reduce. The nickel catalytic agent containing calcium aluminate, or magnesium 
phosphate, as the case may be, can be employed for hydrogenation purposes, 
for instance, it may be introduced intx) oil which results from cracking ])etroleum 
residues and which is rich in unsaturated compounds, whereupon hydrogen 
is allowed to,, react at a temperature of 100° C. and at a pressure of eighiy 
atmospheres. Tlie iodine number is rapidly reduced and at the same time the 
color and unpleasant odor diminish. 
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In a similar manner other eontaet mixtures can he employed, which contain 
as a promoter, for instance, cah5ium vanadate, l)arium chromate, aluminum 
borate, barium tungstate, or litliium phosphate, or the compounds which result 
on the reduction of these bodies. 

8. To a hot solution of 13 parts of nickel nitrate and 2 parts of chromium 
nitrate, add a hot solution containing 6 parts of anhydrous sodium carbonate. 
Filter off tht^ preci])itate, wash it until the filtrate is free from alkali, then dry 
and reduce it. With the ludp of this catalytic agent, soya bean oil can be hydro- 
genized rapidly at a low temperature. 

9. Suspend 40 parts of nujkel carbonate in a solution containing 1 part of 
ammonium tungstate and tlum add a solution of 1 part of barium nitrate, 
filter off the jiroduct, wash it well, dry and reduce it at 300° The product 
can 1)0 emjiloyed, for exam])le, for hydrogenating sesame oil at 120” C. 

10. Mix to a pastil 50 parts of nu^kel carbonate and a solution of 13 parts of 
calcium nitrate and thim stir in a solution of 7 parts of ammonium phosphate. 
Filter off the ])roduct, wash well, dry and reduce at from 300° to 350° C. The 
produc.t can b(^ employed for hydrogmiatiiig fish oil. 

11. Stir 80 parts of nickel carbonate into a solution of 2.0 parts of strontium 
nitrate, and add a solution of 2 parts of ammonium selenite. Filter off the 
prodiKit, wash well, dry and rediux;. The product can be used for hydrogenating 
cottonseed oil.* 

The effect of preparation of catalytic nickel under different condi- 
tions is discussed by Crossley t who reproduc(‘s some curve 3 of hydro- 
gi'iiation derived from experiments made by Hehmu*. 

Nickel prepared from the hydroxide or from the nitrate through the oxide at 250° 
gave ai)proximately the same results on whale oil, but at 180° C., the nickel pre- 
pared from the nitrate was less acti»e. Nickel produced by strongly heating the 
nitrate and reducing the resulting oxide was practically without effect on linseed 
oil and nickel obtained from the sulphate through the hydroxide (probably con- 
taining trat^es of sulphur) was markedly less active than carefully purified nickel from 
the hydroxide. The following example, from evidence handed into court in the case 
of Joseph Crosfield and Sons, Limited, v. Technico-Chemical Lal)oratories, Limited, 
may be cited. The iodine value of an oil was decreased from 108.4 to 72.1 by treat- 
ment with hydrogen in presence of nickel obtained by igniting nickel carbonate at 
400° to 450°, and reducing the resulting oxide with hydrogen at 400° C. A sjieci- 
men of the same oil had its iodine value lowered to 13.2 when treated in presence of 
nickel prepared from the carbonate by roasting at 300° for five to six minutes, and 
reducing the resulting oxide with hydrogen at 300° C., for four to five minutes. 

Bosch, Mittasch and Schneider t also recommend complex com- 
pounds of fluorine as activators for catalytic iron, nickel, cobalt or 
copper. They give the following example: Soak 100 parts of nickel 

♦Soifom Ztg., 1914, 1133; Zeitsch. angew. Chem„ Rcferat., 1915, 220; German 
Patent No. 282,782, December 12, 1913; Chem. Ztg. Rep., 1915, 155. Austrian 
Patent, No. 72,758, November 25, 1916. See also U. S. Patent No. 1,271,013, July 2, 
1918. 

t Pharm. Soc. April 21, 1914; Pharm. J., 1914, 92, 604, 637 and 076; J. S. C. I., 1914, 
1135. 

X U. S. Patent No. 1,210,933, February 20, 1917. 
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carbonate in a concentrated solution of ]() j)arts of sodium silico- 
fluoride, then dry and tr(‘at with hydrogen at 320° C. Introduce 
the contact mass thus {>l)tain(Hl into linseed oil, while avoiding the 
presen(*n of air and treat with hydrogen at a temperature of 120° V. 
and a pressure of ten atmospheres. The reduction, and simulta- 
neously the hardening, of the oil take place very rapidly. 

Inst(^ad of sodium silico-fiuoride, other sili(U)-fluorides can be em- 
ployed, for instance, those of aluminum, calcium, and potassium, 
or other fluorine compounds, as barium fluoride, calcium-boron 
fluoride, and potassium-titanium fluoride, can be used. Nickel wire 
netting can be improved catalytic^ally by soaking it first with dilute 



nitric acid and then treating it with a solution of ammoiiium-silico- 
fluoride, finally adding a small quantity of aluminium nitrate and 
drying and reducing. 

An apparatus employed by Kayser * for reducing metallic oxides 
with hydrogen, is shown in side elevation in Fig. 47a and in vertical 
cross-section in Fig. 476. It consists of a rotary drum supported 
•by hollow trunnions, and provided with vanes for agitating the mate- 
rial. The latter is introduced through a manhole. A reducing gas 
is introduced tlu-ough one trunnion and escapes through the other. 
Entrained matter is removed from the used gas by a trap and water 
seal. The drum is heated from beneath by gas burners mounted on 
a removable carriage. A jacket surrounds the drum forming a 
space through ’ which the products of combustion pass to the stacks 
at the top. When the charge has been reduced, the burner carriage 

*U. S. Patent No. 1,134,745, April 6, 1915. 
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is removed and steam is blown around the drum until the latter 
has cooled somewhat. Finally water is sprayed on the drum for a 
brief period and the cooled contents are then removed. 

Morey and Craine * describe a form of apparatus for making 
catalytic material which comprises in its main features an inclined 
tube or conduit through which the catalytic raw material flows 
downwardly, either by gravity alone or by gravity assisted by a 



jarring or shaking action, and through which the gas flows upwardly, 
the tube or conduit being heated in any suitable manner, for instance, 
by direct flame, superheated steam or electrical current. 

In Fig. A7c is shown a side elevation of this apparatus. 10 represents the 
inclined tube in which the material is subjected to the action of a reducing gas, 
and to the upper end of which the raw material is supplied from a feed recep- 
tacle 11 by a flexible pipe 12. This inclined tube is supplied with gas from a 
gas holder 13 by means of a flexible pii>e 14 which is connected with the lower 
portion of the tube. The treated material is discharged from the lower end of 
the latter into a closed receptable 15 by a flexible pipe 16 without exposure to 
the at-mosphere. The gas escai)e8 from the upper end of the tube and is con- 
ducted by a flexible pipe 17 to a scrubbing apparatus 18 in which objectionable 

*U. S. Patent No. 1,167,916, January 11, 1916. 
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matters are separated from the gas and from which the purified gas is returned 
to the gas holder 13, to which fresh gas is supplied as may l;>e necessary. Circu- 
lation of the gas through the apparatus is maiptained by a pump 27. The 
inclined tube or conduit is heated to a reducing tem|)erature. When diatoma- 
ceous earth impregnated with nickel hydroxide is treated, a temperature of about 
550° F. is preferred. The treating tul)e may be inclined at such an angle, 
usually about 42°, that the material will flow through the tube by gravity, or 
as shown in the illustration, the tube may be inclined at a less angle and a 
jarring or shaking mechanism be provided for causing the material to flow 
properly. As shown, the carrying frame for the tube is movably supported by a 
hinge at its lower end and rests at its upper end upon a rotating cam. 



Fia. 47c. 


To suppress the tendency of catalytic materials to heat or take 
fire on exposure to oxygen, air or other gases containing oxygen, 
Morey * exposes the catalytic material to a partial vacuum for a 
sufficient length of time to practically remove the occluded gas which 
is absorbed by or associated with the particles of catalytic material. 

^ Exposure to a partial vacuum, as complete as circumstances will permit and 
maintained for a sufficient length of time, renders the catalytic substance prac- 
tically free from occluded gas and capable of being exposed to air without 
developing undesirable pyrophoric action. This method can be applied to the 
various catalytic metals, such as finely-divided nicke\ cobalt or platinum. The 
catalytic material Is placed in an air-tight vessel which is connected with a vac- 
uum pump. The latter can l)e operated continuously or intermittently. The 
vacuum vessel may be heated. A satisfactory practice is to opcnite the pump 
until the. partial vacuum in the vessel has attained the limit which the pump 
can produce. The vessel is then sealed by closing a stop cock in the passage 

’♦U. S. Patent No. 1,127,911, February 9, 1915. 
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leading to the pump. The catalyzer is allowed to remain under Ihis reduced 
pressure for about twelve hours, during which time the occluded gas gradually 
leaves the catalyzer and t,he latter becomes practically non-pyroi)horic. If 
desired, however, the period of rest may be shortened to about three hours and 
the pump be operated n,gain to remove as far as practicable the gas which has 
become liberated during the period of rest, and this second operation of the pump 
may be followed by another period of rest. An inert gas, for instance, 'nitrogen, 
may be admitted to the vacuum vessel at the end of the period of rest and 
the vessel again exhausted. The gas so admitted to the vacuum vessel mingles 
with the liberated gas in the vessel and is said to facilitate the removal of the 
rest of . the occluded or liberated gas. The desired non-pyrophoric condition 
has been produced when a sample of the material under treatment does not heat 
when exposed to the atmosphere. 

A nickel (!atalyst for use in hydrogenating oils is prepared by 
Morey and Craine * in the following manner: 

An insoluble nickel compound such as the hydroxide, and fuller’s earth, are 
susi)cndcd together in water (after heating the fuller’s earth sufficiently to drive 
oiT moisture and gases from it) and the intimately associated mixture of nickel 
hydroxide and fuller’s earth thus obtained is dried, comminuted and reduced 
with hydrogen to form a catalyst suitable for hydrogenating oils or fats. For 
example, 60 parts of nickel sulphate may be used to prepare the hydroxide which 
is mixed with 25 parts of fuller’s earth. 

A process of making a nickel catalyst is described by Burchenal,t 
according to which, sulphate of nickel is dissolved in water and 
sodium carbonate added to precipitate nickel carbonate, which is 
washed, dried and calcined to eliminate carbon dioxide and thereby 
form an oxide. This product is reduced to finely-divided nickel by 
heating in a current of hydrogen. To render the product non-pyro- 
phoric, it may be cooled in an atmosphere of hydrogen or carbon 
dioxide. The nickel is used without a carrier in the hydrogenation 
of unsaturated fatty acids or their esters. 

The protection of a pyrophoric catalyst by incorporation with 
fatty material is described by Oswald and DoeringjJ who consider 
hardened oil a desirable protective agent. 

The product is prepared simply by mixing any suitable catalyst of a p3Tophoric 
nature, wthout access of air, with the fatty material in a melted condition, if 
the latter s solid at ordinary temperature, then permitting the whole, while 
being agitated, to cool to a point just above its melting-point, when the whole 
mass is poured into any convenient receptacle for use, storage or shipment. 

Or the finely-distributed freshly-reduced unused metal is introduced into a vessel 
containing such fat in a liquid state and under an atmosphere of hydrogen and 
the whole permitted; while being agitated, to cool. The fat with which the 

*U. S. Patent No. 1,232,830. July 10, 1917; J. S. C. I., 1917, 1039. 

t U. S. Patent No. 1,226,945, May 22, 1917. 

XV. S. Patent No. 1,187,776, June 20, 1916. 
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finely “distributed active metal is incorjK)rated acts as a i)rot,ective and shielding 
agent. The quantity of fat used may vary within considerable irnils, equal 
parts of the agent and fat making a satisfactory article. With about equal 
amounts of readily solidifying fat and catalytic agent, this result is obtained 
and an article of desirable consistency, readily handled, and subdivided is ob- 
tained. It carries a substantial amount of catalyst; an amount sufficient for 
the treatnient of many times the amount of oil or fat it contains. On placing 
it in hot oil, the fat melts and dissolves; and if it be of the same nature as the 
fat to be produced from such oil, its presence does not change in any way the 
nature of the final product. In any event, the amount which is used with the 
agent is, relative to the amount of oil which can be treated with a given amount 
of agent, wholly insignificant. 

Colloidal nickel or other colloidal metal catalyzer may be advan- 
tageously sealed in hydrogenated oil.* 

The handling and shipment of catalytic material in a special 
manner is described by Sulzberger, f 

A catalyst, for instance, such as is obtained by rendering nickel silicate 
catalytically active by subjecting to reduction by means of hydrogen, after such 
reduction is immediately cooled while still in the atmosphere of the hydrogen, 
and covered with hydrogenated cottonseed oil, which will solidify to a solid mass. 
In this condition the catalyst can be kept as well as shipped to points for its use. 
The homogeneous nature of the product makes it possible to i)rocure desired 
quantities of the nickel-catalyst by simply weighing off amounts of the mass or 
taking pieces of certain size and bulk. The mass may contain lines or markings, 
from which the amounts of catalyst contained in pieces of certain size may be 
judged, so as to make weighing off of desired quantities unnecessary. The mass 
may also be formed in individual pieces (cubes, tablets, balls, etc.) containing 
definite amounts of the catalytic agent. 

Catalyzer Poisons 

Sabatier and Espil J have concluded that the effect of sulphur 
and the halogens as catalyzer poisons has been exaggerated. 

Traces of these substances do not appear sufficient to destroy the activity 
of nickel. For example benzene containing 0.5 per cent iodine in solution was 
completely transformed into cyclohexane. The nickel in about one-half of the 
hydrogenating tube toward the inlet side was affected but the catalyzer in the 
other half of the tube remained active. Chlorine and bromine, introduced 
as hydrochloric or hydrobromic acids or as halogenated benzol, also sulphur in 
the form of carbon bisulphide, acted in a similar manner. Moreover the nickel 
which is rendered inactive to benzol still preserves the power of carrying hydrogen • 
to nitrils and other aliphatic or aromatic organic compounds but is incapable of 
hydrogenating ketones or ethylene hydrocarbons. Sabatier and Espil recom- 
mend that nickel poisoned by chlorine be revivified by using it to hydrogenate 

♦Ellis, tr. S. Patent 1,226,620, May 15, 1917; Reissue 14,429, Jan. 29, 1918. 
t U. 8. Patent No. 1,223,123, April 17, 1917. 
t Bull. Soc. Chim., Vol. XV., 1914, 778. 
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nitrobenzene. After a few hours use in this manner the catalyzer is reactivated 
and will convert benzene into cyclohexane. When poisoned by bromine or iodine 
this treatment is not effective. 

Potassium cyanide was found by Peters * to poison palladium 
catalyzer. 

A method of removing catalyzer poisons from oil, recommended 
by the author t is to treat the oil with catalyzer which has lost its 
catalytic activity. 

To this end a finely-divided spent nickel catalyzer is vigorously agitated with 
the oil at a temperature of about 180® C. until catalyzer poisons have been 
absorbed when the oil is filtered, fresh catalyzer added and hydrogenation is 
completed. The treatment of the oil depends upon the character of the catalyzer 
poisons present. Aluminum, nickel, copper, etc., and their basic compounds in a 
finely-divided state can be used. 

One of the main difficulties in the hydrogenation, by the aid of 
nickel catalyzer, of many low-grade oils, such as some of the fish 
and whale oils, is that the life of the catalyzer is relatively very 
short. Ellis and Wells t have studied the problem of treating such 
oils to adapt them to the hydrogenation process. 

Usually the activity of the catalyzer becomes much slower after two or three 
batches of oil have been hardened and in some cases it is necessary to prepare 
fresh catalyzer for every batch of oil treated. On the other hand, when harden- 
ing a good grade of oil, such as refined, edible cottonseed oil, the life of a care- 
fully prepared catalyzer is likely to be very long and in some cases an entirely 
new lot of catalyzer is not required for months in the constant operation of a 
hardening plant. In these cases the catalyzer is kept in a state of high activity 
for continued usage by adding a small amount of fresh catalyzer at intervals of 
one or two weeks. It has been observed that some kinds or grades of oil may 
be hydrogenated to an incomplete degree but that they cannot be carried beyond 
this point, no matter how long the treatment is continued, without change of 
catalyzer. If to these semi-hardened oils a fresh quantity of catalyzer is added 
the hardening will usually proceed practically to complete saturation. In some 
cases, a fresh quantity of oil may be treated with the seemingly spent catalyzer, 
when partial hardening will occur. An additional quantity of fresh catalyzer 
will sometimes carry the oil so treated, to completion, showing that the sub- 
stance which affects the catalyzer is appg.rently taken up by it under these cir- 
cumstances, thus leaving the oil in condition to be readily hardened. Some oils 
which ordinarily cannot be hardened without a preliminary purifying treatment, 
may first be agitated with a spent catalyzer, the catalyzer removed and the 
oil then incorporated with a fresh quantity of catalyzer when hardening readily 
occurs. 

♦Inaugural Dissertation, Leipsic, 1913. 

t U. 8. Patent No. 1,132,710, March 23, 1916. 

tJ. Ind. Eng. Chom., 1910, 886. See also U. 8. Patent to Ellis, 1,247,616, Nov. 20, 
1917. 
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Cod Oil. Crude cod oil was freed from fatty acids with a solution of sodium 
carbonate and after washing free from alkali and soap was treated with hydro- 
gen, using 6 per cent catalyzer prepared from nickel oxide. In several trials, 
the oil either did not harden at all, or only to a very minor degree. Other 
forms of catalyzer were equally ineffective. The oil was then agitated for one 
hour at 200® C. with freshly-prepared copper hydrate, filtered to remove the 
copper corhpound and again treated with hydrogen and catalyzer under tlie same 
conditions as above. The oil was readily hardened by this treatirient. Another 
sample of the oil, refined as above, was treated with 5 per cent freshly-prepared 
silver oxide at 200° C. for one hour. The silver compound was removed by 
filtration and the clear oil hydrogenated. In a short time this oil was hardened 
to a melting-point of 40° C. on hydrogenating under the same conditions as 
above. 

A series of tests were performed to determine the relative value of freshly- 
precipitated copper hydrate as a detoxicating agent. In one test, portions of 
cod oil were agitated with 5 per cent of freshly-prepared copper hydrate, com- 
mercial copper carbonate and lead oxide at 1S0° to 200° C. for two hours. After 
filtering, these samples were treated with hydrogen using 5 per cent nickel oxide as a 
source of catalyzer. This was reduced in oil at 250° C. for one-half hour. The 
hydrogenation operation was carried out at 230° C. for three hours. The oil 
treated with freshly-precipitated copper hydrate hardened to a melting-point of 
53° to 54° C., the oil treated with copper carbonate hardened slightly, while the 
oil treated with lead oxide did not harden. 

To determine the most effective temperature for treating the oil with copper 
hydrate the following tests were performed: Cod oil was agitated with I per 
cent of copper hydrate for one hour at room temperature, then was filtered and 
subjected to the hydrogenation process. Another portion of the oil was treated 
in a similar manner, except the temperature of treatment with copper hydrate 
was 50° C. Other portions were treated at 75° and at 110° to 120° C. The 
samples treated below 110° C. did not harden and metallic mirrors were formed 
on the walls of the container during the treatment with hydrogen. The saniple 
which was agitated at room temperature exhibited the most perfect mirror. The 
oil treated at 110° to 120° C. hardened readily without the formation of a mirror. 

The effect of refining cod oil with alkali before hydrogenation, when the 
copper hydrate treatment is used, is beneficial to the catalyzer as was shown by 
agitating crude cod oil with copper hydrate at 140° to 150° C. for one hour, 
filtering and then subjecting it to the hydrogenation process, using nickel oxide. 
The catalyzer was formed in the oil at 250° C. and hydrogenation was carried 
out at 190° to 200° C. for four hours. The oil was only slightly hardened. 

A quantity of the oil under examination was burned in oxygen in a combustion 
bomb. The contents of the bomb were washed out and examined qualitatively. 
Sulphates and a trace of iodine compounds were found to be present but no test 
was obtained for either chlorides or phosphates. Either sulphur in the sulphide 
form, or iodine could have been responsible for the poisoning action on the cat- 
alyzer noted. 

Manhaden Oil. Southern crude fish (menhaden) oil, without refining, was sub- 
jected to the hydrogenation process, using nickel oxide reduced in the oil at 
260° C. and the hydrogen treatment was carried out at 200° C. for four hours. 
The oil was not hardened. Another portion of the same oil was agitated with 
hydrate ^ 135° to 150° C. for one hour and treated under the same con- 
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ditions as above. The oil was hardened, without difficulty, to a melting-point 
of 45° to 46° C. Another quantity of the same crude fish oil vas refined and 
then treated with copper hydrate. The treated oil was hydrogenated using a 
catalyzer which had previously been used in cod oil that had been detoxicated 
with copper hydrate. The oil hardened to a melting-point of 52° to 53° C. 
The catalyzer was apparently not affected by its previous use in cod oil which 
had been treated with copi)er hydrate. 

Herring oil which could not te hardened by the usual methods was refined 
to free it from fatty acids and after treating with copper hydrate for one hour 
at 110° to 120° C. was subjected to the action of hydrogen in the presence of a 
catalyzer prepared by reducing nickel oxide in the oil at 250° C. for one-half 
hour. The oil was hydrogenated at 190° to 200° C. for five hours. It hardened 
to a melting-point of 45° to 46° C. 

Dogfish Oil. This oil has proved somev/hat difficult to hydrogenate. In one 
case, a sample of the oil was agitated with copper hydrate for one hour and then 
treated with hydrogen, using a catalyzer prepared by precipitating nickel hydrate 
on a carrier and reducing at 360° C. Hydrogenation was conducted for 5| hours 
at 180° to 190° C. The o'l did not harden. The catalyzer was filtered out and 
5 per cent of a mixture of finely-divided nickel-copper hydrate was added. A 
current of hydrogen was passed through the oil, the temperature of the oil being 
held at 250° C. for one-half hour, then lowered to 190° to 200° C. and main- 
tained at that point for three hours. The oil hardened to a melting-point of 
45° C. 

It has generally been assumed that the presence of sulphates in a 
nickel catalyzer is prejudicial but repeated tests by the author have 
shown this not to be the case under certain conditions. If the sulphate 
is of a difficultly reducible character as, for example, sodium sulphate, 
thi nickel is ])ra(;tically unaffected, especially if the reduction has 
taken place at a relatively low temperature. When a mixture of nickel 
hydrate or carbonate and sodium sulphate is reduced at a temperature 
somewhat below 250° C. the activity of the catalytic nickel is not 
materially affected by the sulphate. Apparently sulphur in the sul- 
phide form is necessary in order to poison the catalyzer. Catalytic 
material (!ontaining sulphates has been employed on a commercial 
scale in this country for a considerable period of time with satisfactory 
results. 

The effect of sulphur and arsenic in hydrogen gas employed for oil hardening has 
been investigated by Hehner and reported by Crossley.* Curves of absorption 
were obtained which indicate the deleterious action of arsenic and sulphur. Un- 
purified hydrogen such as was obtained from a good specimen of zinc and acid 
did not permit the catalyzer to function as actively as in the case of pure hydrogen. 
When hydrogen wa.s pas.sed through a very dilute solution of hydrogen sulphide in 
water the effect on the catalyzer was very marked. The effect of using crude water 
gas containing about 28 per cent of hydrogen in comparison with water gas which 

* Pharm. Soc. April 21, 1914; Pharm. J. 1914, 92, 604, 637 and 676; J. 8. C. I., 1914, 
1135. 
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Carbon bisulphide: (a) 0.0005 r., 25 per cent; 0.003 g., 0 per cent, (b) 
(h) 0.003 g., 60 per cent; 0.01 g., 1 per cent, (r) 0.01 g., 63 per cent; 0.06 g., 
3 per cent. Practicjilly all of the sulphur found (corresponding to about 50 per 
cent of that, in the carbon bisulphide us(dj was in the solid nickel as sulphide, 
with only traces in the filtrate. 

The effect of catalyzer poisons has also been studied by Moore, 
Richter and Van Arsdel.* The experiments on poisons were carried 
out in an apparatus containing oil and catalyzer, through which 
hydrogen was bubbled. A mixture of oil with 1 per cent nickel on a 
carrier was hydrogenated first for one hour to ascertain the original 
activity of the (‘atalyzer. At the end of the hour, 2 per cent of 
the finely powdered solid substance in question was added, and the 
hydrogenation continued. Samples were then taken at intervals to 
determine the further fall of the iodine number, and the poisoning 
effect was judged by the shape of the iodine number-time curve, 
compared to one in which no poison was present. The results may 
be summarized as follows: 


Substance. Effect on Activity. 

Sulphur Destroyed immediately 

NaiS'QHjO Gradually destroyed 

NaCl No effect 

Na 2 SOi No effect 

NaNOa No effect 

NiCh-eHiO No effect 

Reduced iron No effect 


The three gases H 2 S, SO 2 and CI 2 were also tried. In each case 
the activity was destroyed immediately. A small amount of water 
vapor in the hydrogen was found gradually to destroy the activity 
of the catalyzer. 

Concerning the phenomena of catalytic poisons, Bancroft f remarks 
that the adsorption of reacting substances and consequently reaction 
velocity are decreased by the presence on the solid catalytic agent, of a 
film of solid, liquid, or gas. Very small amounts of grease will keep 
palladium from taking up hydrogen. Carbon monoxide may act as 
a catalytic poison by decreasing the adsorption of other substances. 
It is very tenaciously held by platinum. Reaction products may 
decrease reaction velocity by hindering diffusion of reacting substances 
to the catalytic agent and by decreasing their adsorption. 

The work of Maxted t indicates carbon monoxide to retard the 

•J. Ind. tng. Chem., 1917, 451. 

t J- Phys. Chem., 1917, 21 , 734; Chom. Abs., 1918, 12 , 328. 

i Trans. Faraday Soc., 1917 (advance copy); Chem. Trade J. 61 , 509-10. 
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rate of addition of hydrogen to fatty oils. The inhibitive effect of 
carbon monoxide was studied from a quantitative standpoint for the 
hydrogenation of olive oil using finely-divided nickel as catalyst. 
The experiments were carried out with 10 g. of oil and 0.1 g. of 
nickel, using pure hydrogen, and hydrogen containing 0.25, 0.5, 1.0 
and 2 per cent of carbon monoxide respectively. The absorption 
was noted at five-minute intervals for one hour, at the end of which 
pure hydrogen showed 584.5 cc. absorption, hydrogen containing 
0.25 per cent carbon monoxide, 393.9 cc.; hydrogen containing 0.5 
per cent, 309.6 cc.; hydrogen containing 1.0 per cent, 235.2 cc.; 
and hydrogen containing 2 per cent, 158.8 cc. Maxted considers 
these results to show a marked poisoning influence by carbon monox- 
ide, an effect which was differentiated from the calculated obstruc- 
tive effects of the impurity. The first traces of carbon monoxide 
have relatively the greatest retarding influence on the velocity of 
hydrogenation. 

Pierron * gives a lengthy description of an ignition catalyst having the following 
properties. “A porous or finely-divided matter or product (or mixture of 
products) constituting in some manner a support serving to prevent agglomeration 
of the second product. This matter or product or mixture of matters or products 
is termed the supporting element.” The catalytic agent employed is platinum, 
palladium or similar rare metal, supported on an oxide of silicon, aluminum, iron, 
manganese, etc. 

Hagemann and Baskerville carry out hydrogenation by means of a 
catalyzer of nickel sheet, wire or other nickel “ shapes ” having a 
coherent layer of nickel oxide closely adhering to the metal surface, t 
In using these “ oxide-tarnished ” metal shapes, hardened fats are 
to be obtained in a remarkably clean undiscolored state, 
^^ifiworthy t states that copper or other metals as wire or sheets coated 
with nickel may be used as catalytic material. 

An organosol adapted for use as a catalyst in fat hardening is 
prepared by Karplus § as follows: 

An irreversible colloid is removed from a hydrosol by producing within the 
latter an amorphous organic precipitate which is soluble in the organic substance 
in which it is desired to produce the organosol. The precipitate is separated, 
heated to remove water, and then mixed with the organic substance, when an 
organosol of the desired colloid is obtained. 

♦British Patent No. 15,414 of 1898. 

t U. S. Patent No. 1,238,137, August 28, 1917. 

t U. 8. Patent No. 943,627, Dec. 14, 1909. 

§ J. S. C. I., 1916, 823; British Patent No. 8,641, June 11, 1915; German Patent 
No. 293,848, November 13, 1913. 
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has passed through soda lime is shown by Hehner. The purified water gas ix^rmitted 
catalytic action to go on to better advantage. 

EFFECT OF HALOGENS, HALOGEN COMPOUNDS, SULPHUR, ETC., 
ON HYDROGENATION OF COTTONSEED OIL * 


catalyzer; nickel oxide (5 per cent of the weight of the oil) reduced 

IN OIL AT 250° C. FOR ONE-HALF HOUR 


Expt. No. 

Substance Added. 

Per cent 
Added 

Temp., 

«C. 

Time, 

Hours 

Effect on Oil 

1 

Bromine 

1.0 

200 

2 

No hardening 

1(CH) 


1.0 

200 

2 


2 

Iodine 

1.0 

200 

2 


2 (CH) 


1.0 

200 

2 


3 


0 5 

200 

21 


3 (CH) 


0.5 

200 

21 


4 

Antimony Bromide 

1 0 

200 

2 


4(CH) 


1 0 

200 

2 


5 

Sodium Chloride . 

5 0 

210 

2i 

Oil hardened 

6 

Zinc chloride 

5 0 

210 

2.i 

Oil polymerized 

7 


1 0 

200 

21 

Slight hardening 

7 (CH) 


1 0 

200 

21 

Oil hardened 

8 


0 5 

200 

21 


9 

Tin chloride 

1 0 

1 200 

2 


10 

Sulphur 

0.5 

1 200 

21 

Slight hardening 

10 (CH) 


0.5 

200 

21 

Oil hardened 

11 


1.0 

1 200 

21 

No hardening 

11 (CH) 


1.0 

200 

21 

Oil hardened 

Blank 



200 

21 


12 

Sulphur 

0.1 

210 

31 


13 

Red phosphorus 

1.0 

200 

2 

Slight hardening 

13 (CH) 


1.0 

200 

2 

Oil hardened 

14 


0.5 

200 

2 

Slight hardening 

14 (CH) 


0.5 

200 

2 

Oil hardened 

15 

Sulphur chloride 

1.0 

200 

2 

No hardening 

15 (CH) 


1.0 

200 

2 

Oil hardened 

16 

(AS 2 O.O 

1.0 

200 

2 

No hardening 

17 

Mercury 

1.0 

200 

2 

Slight hardening 

Blank 



200 

21 

Oil hardened 

18 

Lead stearate 

1.0 

200 

21 

No hardening 

19 

Lead oleate 

1.0 

200 

21 


19 (CH) 


1.0 

200 

21 



(CH) after an experiment number indicates treatment with copper hydrate 
before hydrogenation. 


Kelberf has found that nickel catalyzers made in different ways 
behave entirely differently, in reducing reactions, toward contact 

• EUis and Wells, J. Ind. Eng. Chem., 1916, 886. t Ber. 49, 1868. 
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poisons such as hydrocyanic acid or potassium cyanide, hydrogen 
sulphide and carbon bisulphide. 

Tho following catalyzers (a) from basic nickel carbonate reduced at 450° in 
hydrogen (h) from basic nickel carbonate reduced in hydrogen at 310° and (r) from 
basic nickel carbonate on inorganic carriers reduced in hydrogen at 450°, show a 
sensitiveness to these poisons, decreasing in the order (a), (6) and (c). This'is Meved 
to be due to tho fact that t,he high temperature at which (o) is prepared changes the 
surface of the individual particles of the catalyzer so that there remain only a few 
I)oint,s on these particles which are capable of adding hydrogen and acting as a carrier 
of it, and these points, being more reactive than the rest of the nickel are the first to 
act on the poison, so that relatively small amounts of the latter are able to poison 
the whole of the catalyzer. The lower temperature used in preparing (b) leaves 
more of these active spots, while in (c) the presence of the inorganic skeleton 
doubtless hinders the change in the surface of the catalyzer. The experiments 
were (iarried out at room temperature under atmospheric pressure in a shaking 
apparatus, 0.5 g. of the metal being shaken twenty minutes with the poison in 
25 cc. water in a hydrogen atmosphere, then treated with CoH^CHiCHCOaNa 
(0.75 g. acid and somewhat more than the calculated amount of caustic soda in 
25 cc. water) and the absorption of hydrogen measured every five minutes. 
Below are given the per cent of its original value to which the reducing power 
of the 3 catalyzers is decreased by varying amounts of the different substances 
m the first fifteen minutes. Potassium cyanide: (a) 0.00005 g., 45 per cent; 
0.0003 g., 2 per cent; (6) 0.0003 g., 55 per cent; 0.001 g., 0 per cent, (r), 
0.002 g., 25 i)er cent; 0.02 g., 2 per cent. (It is not clear in the original whether 
the amounts given above represent the weights of potassium cyanide used or 
the amounts of hydrocyanic acid equivalent to the salt used.) Hydrocyanic 
acid: (a) 0.0005 g., 63 per cent; 0.002 g., 1 per cent. (6), 0.001 g., 50 per cent; 
0.005 g., 0 per (sent. Traces of alkalies give entirely different values and as (c) 
could not be entirely freed of alkalies it was not used in this series. The small 
“ toxity of hydrocyanic acid as compared with potassium cyanide is ascribed 
to the rapid change of hydrocyanic acid in the presence of nickel and hydrogen; 
the catalyzers poisoned with hydrocyanic acid retain only traces of the poison, 
whereas with potassium cyanide, the catalyzer shows large amounts of the 
poison, although in a changed form. To test the effect of hydrocyanic acid, 
potassium cyanide and nickel cyanide on the catalyzer, (5), after saturation 
with hydrogen was shaken in hydrogen to constancy of volume with definite 
amounts of solutions of the 3 substances, filtered and the poison determined 
in the solid and the filtrate; the filtrate was found to be free from hydrocyanic 
acid but to be strongly alkaline and contain ammonia, probably produced by a 
catalytic reduction of hydrocyanic acid or a nickel cyanide compound, as several 
cc. of hydrogen were always used up; the solid nickel, when dissolved in sul- 
phuric acid and heated with alkali, gave a distillate containing ammonia; no 
amines, or only traces at most, were found in the solid or filtrate. A catalyzer 
poisoned with potassium cyanide, then filtered and washed with water, does not 
recover its activity, but this can be restored by treating once with hydrogen and 
warming with ammonia, or, best, by boiling with caustic soda. 

Hydrogen sulphide: (a) 0.(X)1 g., 26 per cent; 0.005 g., 1 per cent. (6) 0.01 
g., 15 per cent; 0.02 g., 0 per cent, (c) 0.02 g., 60 per cent; 0.1 g., 0 per cent. 
The sulphur is found almost entirely as sulphide, in the solid nickel. 
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The addition of substances, refractory at the required temperature and chem- 
ically inactive towards the mixture, to increase the efficiency and the period of 
activity of contact masses and to avoid the possibility of a reaction between the 
catalyst and the constituents of the support of the contact material is detailed 
by Nitrogen Ges. m.b.H.* * * § For example, in the use of a mixture of copper and 
copper oxide as the catalyst, and clay or other materials containing silicates as 
the support, the addition of aluminum oxide causes the mass to retain its activity 
for a longer period. The reaction between the copper oxide and the silicates is 
prevented and the catalyst is so finely distributed throughout the mixture that 
the agglomeration or fusion of copper cannot take place. The mass is stated to 
possess a high degree of porosity. 

For the reduction of oils with hydrogen under a pressure of nine 
atmospheres, an apparatus was constructed by Hamburger,! resem- 
bling the one described by Stuckert and Enderli.t The influence 
of temperature, pressure, divisibility of the catalyst, and kind of oil 
(impurities therein) on the hydrogenation process was investigated. 
The hydrogenation of all pure oils with finely-divided nickel, as a 
catalyst, proceeds without difficulty; the same holds true for fatty 
acids obtained from very impure oils by distillation, with steam 
vacuo. The nickel catalyst was obtained by the reduction at 
200° to 300° of nickel oxide, which had been previously precipitated 
on pumice stone. It appears, according to Hamburger, that tung- 
sten, molybdenum, thorium, uranium, zirconium, titanium, vanadium 
and manganese cannot be used as catalysts in the hydrogenation of 
oils. He states that the claims by the author § could not be con- 
firmed, not even when a hydrogen pressure of 200 atmospheres was 
applied. 1 1 

Aromatic amines are obtained by a process of the Badische Co.H by reduction 
of nitro compounds, with hydrogen, water gas, etc., in contact with a catalyst 
consisting of copper made by reducing at a temperature below red heat copper 
oxide prepared otherwise than pyrogenetically, together with a promoting agent; 
precipitation of copper salts by means of caustic soda is a suitable method of 
forming the oxide. According to examples, a paste of coarse pumice, copper 
oxide, zinc carbonate and water is reduced by water gas, and then a mixture of 

* French Patent No. 453,099, January 13, 1913; J. S. C. I., 1913, 741. 

fChem. Weekblad. 13, 2-13, 1916; Chem. Abs., 1916, 826. 

t A bomb provided with a stirrer for the intimate mixing of a liquid and gas under 
high pressure and temperature, designed to keep the liquid saturated with the gas 
as the reaction proceeds. A form of valve for reducing pressures is also described. 
(Z. Electroohem., 19, 570.) 

§ U. S. Patent No. 1,026,156. 

11 The observations of Hamburger are not in agreement with the results of other 
investigators. A number of the bodies described by Hamburger as having no cata- 
lytic properties have been found to serve as activators or co-catalysts in conjunction 
with nickel and the like. 

t British Patent No. 5,692, April 15, 1915. 
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a nitro compound and water gas is passed over the reduced mass; a paste of 
pumice in lumps, copper hydrate, silver oxide, water-glass and water is pre- 
pared and is reduced by hydrogen and then a mixture of vapor of nitro com- 
pound and hydrogen is passed over the reduced mass; a solution of copper, 
silver and magnesium nitrates is precipitated wilh caustic soda, the washed 
precipitate is made into a paste with pumice in lumps, water-glass and water 
and is then reduced by hydrogen. A mixture of a nitro compound and hydro- 
gen is passed over the reduced mass. 

Walter (Soc. L^Oxylithe) * facilitates separation of the catalytic 
agent after the hydrogenation by employing catalysts which are 
either magnetic in themselves, or may be rendered temporarily 
magnetic after the reaction, or rest upon magnetic supports, and, 
therefore may be retained within the vessel by subjecting this to 
the action of a magnetic field when the hydrogented product is 
withdrawn. Various devices for carrying out the process are de- 
scribed. 

Re3molds f notes that the danger of explosion when using hydro- 
gen to reduce catalytic raw material is a serious menace because 
the reduction of the material being treated is usually effected in a 
drum or cylinder that is heated by a flame and the slightest defect 
in the drum would permit the escape of hydrogen into the flame 
with disastrous results. 

Instead of hydrogen, Reynolds finds ammonia may be used, or even carbon 
monoxide if rendered non-inflammable by admixture with an inert gas. Also it 
Is possible to mix hydrogen with inert gas so that it is rendered non-explosive. 
This inert gas may be either carbon dioxide or nitrogen or a mixture of both, 
their proportions being immaterial so long as the percentage of reducing gas does 
not reach the explosive point. Reynolds states that even 5 per cent is non- 
explosive. lie thinks that the inert gas appears to envelop the reducing gas in 
the mixture so that it is rendered non-explosive but does not combine with it 
to change its reducing quality in any degree. While ammonia may be used 
alone, it may be also mixed with the inert gas. The preferred mixture is nitro- 
gen, carbon dioxide and carbon monoxide and a method of making it is to draw 
air through burning coke in a closed container; washing the resulting product 
and then conducting it into the reducing drum. The air after passing over the 
coke becomes a mixture of gases containing approximately 78 per cent nitrogen, 
20 per cent carbon dioxide, and a 2 per cent carbon monoxide. This mixture is 
stated to be efficient as a reducing agent, is cheap to make and is non-explosive. 
The resulting catalyzer may be exposed to the atmosphere for about thirty 
minutes without detriment to its catalytic properties. 

To prepare an unsintered nickel powder by dry reduction, Ellis J 
prepares a reducible nickel salt or basic compound such as the car- 

* French Patent No. 471,108, April 18, 1914; J. S. C. I., 1915, 162; Seifen. Ztg., 
1915, 309. 

t U. S. Patent 1,210,367, December 26, 1916. 

tU. S. Patent No. 1,185,075, May 30, 1916. 
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bonate, hydrate or oxide in a finely-divided condition as by pre- 
cipitation. 

For example, nickel nitrate is precipitated with ammonia and dr ed with some 
of the ammonium nitrate formed by the reaction present in the precipitate. When 
dry the product is well washed and finely-divided nickel hydrate in a substan- 
tially uncontracted precipitated form is obtained. This may then be reduced 
with hydrogen under normal atmospheric pressure at the temperature of say 
200® to 300® C., until part of the oxygen is removed. The partially reduced 
product is then subjected to hydrogen under a pressure of aliout four or five 
atmospheres while maintaining the temperature at approximately the same point. 
By the application of the hydrogen under pressure, reduction to a product con- 
sisting almost solely of finely-divided metallic nickel takes place without running 
up the temperature to a point where catalytic sensitiveness is lost by contraction 
of the particles as a result of sintering or fritting due to excessive temperatures. 

In an article on catalysis by Leimdorfer* it is stated that by 
reducing a body to a fine powder thereby increasing the surface, 
new properties and new powers are acquired; as for example, by 
finely dividing metals the pyrophoric condition is obtained. t 

The separation of nickel and cobalt from aqueous solutions of their 
salts by hydrogen at high temperatures and pressures has been studied 
by Ipatiew and Zvjagin.t 

An investigation of the displacement of cobalt, from aqueous solutions of 
its sulphate, nitrate and chloride by hydrogen at high temperatures and pres- 
sures, shows that such similar metals as nickel and cobalt give in this way 
substances of different properties, although the general character of the phe- 
nomena is the same as with copper and nickel salts. § Cobalt salts show a 
number of independent reactions, which depend on critical temperatures and 
pressures and give rise to separation of basic salts, the oxide of the metal, and 
finally, the metal itself. 

The temperature of decomposition of copper nitrate has been 
determined by Rolla.|l 

A mixture of nitrogen dioxide (NO 2 ) and oxygen, obtained by the decompo- 
sition of lead nitrate, was led over a weighed quantity of copper oxide at tem- 
peratures of from 70° to 300° C. At 250° C. and higher temperatures, the 
copper oxide showed no gain in weight, and hence the temperature of complete 
decomposition of copper nitrate at atmospheric pressure is given as 250° C. 

The Naamloose Vennootschap Ant. Jurgens Vereenigde Fab- 
rieken regenerate metallic catalyzers by burning off the organic 

* Seifeii. , Zeitung, 1914, 1345. 

tSep|il 80 Seifen. Z»‘itung, 1914, 1253, 1270, 1298, 1323; 1915, 303. 

t J. Rubs. Phys. Chera. Soc., 1912, 44, 1712-1715; J. S. C. I., 1913, 84. 

U- S. C. I,, 1911, 900. 

II Gas. CMF- > I* 444-450; J. S. C. I., 1915, 796. 
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material, when the catalyzer (‘an be used immediately or after reduc- 
tion in a current of hydrogen.* 

The regeneration of nickel catalysts is carried out by the Soc. Indus- 
trielle de Products Chimiquss,'\ by wholly or partially removing adherent 
organic matter, as by solution and then heating the residue while stirring 
with access of air. The product may be washed with water ahd again 
heated to redness. It is then ready for use as oxide; or the oxide may be 
reduced to suboxide by heating to about 300° with about its own weight 
of oil in a current of hydrogen. A catalyst consisting of metallic nickel 
may be obtained by reducing at a low temperature the nickel oxide 
catalyst described above or heating the original spent catalyst wholly 
or practically freed from organic matter, without access of air or in 
presence of a reducing agent. 

For the preparation of reduced nickel Lanef employs a circular air-tight pan 
provided with a vertical shaft carrying two arms which are curved helically in a 
horizontal plane. The arms carry sliding teeth which rest on the bottom of the 
pan, and the shaft, may be rotatt'd in either direction so that the material in the 
pan may be forced outwards or inwards as desired The raw material is fed into 
the pan from a valved hopper, a reducing gas is introduced and heat is applied till 
water ceases to be evolved The rotation of the shaft is then reversed, and the 
material is thereby collected towards the centre of the pan and dis(dmrged into a 
well or seal (containing oil. 

To convert finely divided metals reduced from their oxides by hydrogen, into a 
non-pyrophoric condition Edison § employs a current of nitrogen or other inertgas 
to displace the hydrogen. On removal of the hydrogen in this manru-rthe metal 
may be expo.sed to the air without danger of spontaneous oxidation. 

Schwareman 1 1 employs a catalyzer of nickel incorixirated with precipitated 
alumina or supported on a carrier of fuller’s earth, there being present a nitrogenous 
organic colloid such as wool For example, 1 part fuller’s earth is suspended in 
5 parts of a 15 jier cent caustic soda solution and boiled for one hour. The earth 
is th(;n washed, placed in 10 jiarts of water and 1 part of nickel nitrate in 3 parts of 
water is added After boiling, 275 parts of caustic soda and .2 parts wool dissolved 
in 2.5 parts water are introduced, The earth and precii)itate is pressed, dried and 
redu(ced in hydrogen 

Kimurall lieats a nickel salt on a carrier of asbestos or pumice, in an atmosphere 
of ammonia gas or a va|X)rized ammonium compound, such as ammonium chloride, 
^'he catalytic material fH) prepared is stated to be acitive at a relatively low 
temperature. 

* Chem. Abs., 1914, 3350; French Patent No. 465,256, November 24, 1913. 

t British Patent No. 111.840, November 5, 1917. 

t British Patent 115,924, Juno 11, 1917; J. S. C. I., 1918, 397 A. 

§U. S. Patent 1,275,232, August 13, 1918. 

II U. S. Patents 1,172,062, February 15, 1916; 1,280,314, October 1, 1918. Also note 
1,111,502, »Septeml)er 22, 1914. 

11 J. S. C. I., 1918, 594 A; British Patent 118,323, August 22, 1917. 
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THE BASE METALS AS CATALYZERS— Continued 

Wesson * prepares a catalyzer by first dissolving nickel nitrate in 
water and then adding ammonium hydrate, which causes nickel 
hydrate to be precipitated in the form of a voluminous, flocculent 
precipitate. 

Care should be taken to add only a sufficient quantity of ammonium hydrate 
to form the precipitate, as an excess will break down the hydrate of nickel 
and cause it to re-dissolve. In thus using ammonia as a precipitant, sulphates 
or chlorides which may be present in the nickel nitrate will be converted into 
sulphates or chlorides of ammonium and these are volatilized at the tempera- 
ture at which the nickel is subsequently reduced. This serves as a method of 
purification, which is very desirable in order to produce an active catalyzer. 
After the precipitate of hydrate of nickel is formed, the supernatant liquid con- 
taining ammonium nitrate and some unprecipitated nickel salts may be de- 
canted off, leaving nickel hydrate and water with a small airount of ammonium 
salts dissolved in the water. This flocculent precipitate is then mixed with the 
inert carrier to which it is to be applied, as, for instance, asbestos. The pre- 
cipitate and the support are then dried to expel the water and are heated at a 
temperature of say 500° C. in a current of hydrogen until the nickel has been 
reduced to a finely-divided condition, covering the asbestos fibers or other 
support used. The ammonium nitrate that remained in the water assists in 
this. As the support covered by the flocculent precipitate is heated, the ammo- 
nium nitrate is decomposed, leaving most of the nickel hydrate around it in 
a very fine and spongy condition, in which fomi it is more easily reduced by 
the hydrogen, and at the same time the operation puts it in such shape as to 
present a greater surface for contact action. 

There are stated to be substantial advantages in applying the flocculent hy- 
drate of nickel to the support, instead of applying to the support a solution of 
a salt and afterward adding a precipitant. For in the former case the hydrate 
acts only on the surface of the support (which is the place where it is wanted) 
and is not soaked up into the internal pores of the support, as it would be if 
the support were treated with a solution of a salt and precipitation were brought 
about afterward. 

Nickel hydrate such as used in the foregoing (Wesson) catalyzer 
is prepared according to Woodruff, t in the following manner: 

Nitrate of nickel or other nickel oxygen salt is dissolved in sufficient water to 
form a dilute solution, which should contain about 1 per cent of the crystalline 

♦U. 8. Patent No. 1,143,339, June 16, 1916. 
f U. 8. Patent No. 1,143,343, June 16. 1915. 
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salt, and the solution is then brought to a temperature in the neighborhood of 
the boiling-point. Satisfactory results are obtained at a temperature of ap- 
proximately 95 C. Sufficient hydroxide of ammonium to theoretically precip- 
itate all the nickel present is then added. In practice an ammonium hydroxide 
solution of a specific gravity of about 26° Baum6 is used. The correct amount 
of a given solution of the ammonium hydroxide to add to the solution of the 
nickel salt may be determined by slowly adding the ammonia to a small quan- 
tity of the nickel solution under the above conditions, and noting the point at 
which the precipitate commences to dissolve. A slightly smaller proportion of 
ammonia should then be added to the bulk of the nickel solution. Under these 
conditions it will be found that practically all the nickel will be precipitated in 
the form of flocculent nickel hydroxide. If a more concentrated nickel solution 
be employed or if precipitation be brought about at a lower temperature or if 
an excess of ammonia be added, the amount of nickel thrown down will be rela- 
tively decreased. 

After the nickel hydroxide is precipitated it may be applied to a support while 
still in the solution in which it was fonned, or the sui)ernatant liquid may be 
decanted off. By the use of a very dilute solution of the nickel salt from which 
the precipitate is formed, practically all of the impurities are said to be removed, 
when the supernatant liquid is decanted off, whether before or after the applica- 
tion of the precipitate to the support, thus eliminating the necessity of washing 
the catalyzer. The precipitate and the support arc then dried to expel water 
and arc heated to a temperature of about 600° C. in a current of hydrogen. 

In accordance with a method of the Badische Co.* a complex, 
insoluble compound containing one or more easily replaceable bases, 
e.g., an artificial silicate such as sodium aluminate-silicate ('* Per- 
mutit ’*), is treated with a salt of a catalytic metal such as palladium, 
nickel, copper, zinc, or vanadium, and the salt reduced with hydro- 
gen. The catalytic agents thus produced may be used for the 
hardening of oils, the hydrogenation or dehydrogenation of organic 
compounds, etc.f 

For treating carbon compounds with hydrogen in the presence of 
catalyzers the Badische Co.J employ a contact mass composed of a 
catalytic base metal in intimate contact with silica, shaped as 
desired. 

Carborundum, clay, carbon, alumina, kaolin, amorphous silica, and other sub- 
stances in a finely-divided condition, are capable of adsorbing colloidal metals, 
forming bodies which may be used as catalysts, medicinal powders, etc. The 
substance which is to serve as adsorbent may be brought into a state of sol- 
suspension in water or other suitable liquid, a solution of a metallic salt added, 
and the metal precipitated by reduction. § 

*J. S. C. I., 1915, 822. 

t See also British Patent No. 1,358, January 27, 1915; U. S, Patent No. 1,256,032, 
February 12, 1918; Chem. Abs., 1918, 1006. 

t Swiss Patent No. 72,689, June 16, 1916; Chem. Abs., 1916, 2625. 

§Ges. f. Elektro-osmose G. m.b. H. German Patent No. 252,372, January 9, 1912; 
J. S. C. I., 1912, 1201. 
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A nickel adsorption suitable for use as a catalyst is prepared by subjecting 
an aqueous suspension of sOioio add to the action of an electric arc between 
nickel electrodes.* 

Richardson t prepares a finely-divided catalytic metal by electrical 
disintegration, as follows: 

Two pieces of a suitable metal are submerged in ether or other fat solvent 
and an electric current is sent through the pieces which serve as electrodes, 
these being spaced apart and provided with sufficient current to produce an 
electric arc across the gap between them, and to cause part of the metal of the 
electrodes to disintegrate and become diffused in finely-divided form or in col- 
loidal solution or suspension in the fat solvent, forming an organosol. The 
electrodes may be nickel, copper, platinum, palladium, iron, or their alloys. 
They may be conveniently used in the form of rods and the electric current 
may be operated by a hand feed or automatic arc lamp mechanism in which 
the rods are clamped. The electric current (preferably direct) is operated at a 
voltage of from 40 to 150. The arc is allowed to continue until the desired 
amount of disintegrated or finely-divided metal has been produced in the fat 
solvent. The metal and fat solvent are then separated, as may be done by 
settling, filtering, or heating until the fat solvent has evaporated. The remain- 
ing disintegrated metal is a highly active catalyst, well adapted for hydrogenating 
oils. This preparation is then mixed with the mass of oil to be hydrogenated, 
in the proportion of about 1 to 3 per cent of the metal to the mixture, by 
weight. The mixing is done while hydrogen gas or gas containing hydrogen is 
introduced into the mixture, and the hydrogenating treatment is preferably 
done under heat and pressure. 

When operating under about 40 lb. pressure and with a temperature of about 
160” C., the process of hardening or solidifying of the oil or fat may be com- 
pleted in from one to eight hours, depending upon the i)ercentage of the finely- 
divided metal used, the kind of fat or oil being hardened, the rapidity of agita- 
tion, etc., and upon the degree of hardness desired.! 

Ellis § (comminutes nickel electrically by forming an arc between 
ni(!kel electrodes under water and levigates to separate light from 
heavy nickel particles. The sludge of light material is collected and 
heated with oil to expel moisture. 

Elworthy || prepares nickel adherent to the surface of fire brick, pumice or 
asbestos fiber and the product agglutinated, to form catalytic material. 

Aluminum, glass and ceramic surfaces are coated with nickel and other 
metals by immersing the articles in the heated metal salt solution which con- 
tains ammonia and alkali phosphites or hypophosphites.H 

* British Patent No. 15,267, June 25, 1914, J. S. C. L, 1915, 803 and 1913, 842. 

tU. S. Patent No. 1,151,045, August 24, 1915. 

t See also U. 8. Patent No. 1,175,905, March 14, 1916; No. 1,177,896, April 4, 1916; 
No. 1,257,396, No, 1,267,397, No. 1,257,531, February 26, 1918. 

§ U. S. Patept No. 1,092,206, April 7, 1914. 

II V. 8. Patent No. 943,627, December 14, 1909.. 

^ L* Aluminum FtanQaiB; French Patent No. 464,721, January 20, 1913; Chem. 

. Abp..g|i6, 1376. , 
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The Oelverwertung G, m. b. H. describe a process of manufactur- 
ing catalytic bodies, for use in effecting reactions in liquids and gases, 
consisting in heating (thermolyzing) a compound of a metallic nitrate 
and a soluble organic compound such as sugar. (See page 199.) 
The resulting voluminous product is reduced by hydrogen at 200® 
to 300®, a finely-divided and highly active metal powder being 
obtained.* 

The Badische Co.f propose the treatment of fatty acids and esters 
with nickel, cobalt or iron catalyzer under a hydrogen pressure of 
at least thirty and preferably of fifty atmospheres while operating 
continuously. 

A catalyzer for oil hardening recommended by the author t is 
prepared by electrolyzing a nickel solution to form nickel in a highly 
extended condition, so that a relatively large surface is exposed 
enabling a small amount of (catalyzer to serve in hardening a large 
amount of oil. The nickel may be deposited independently or on a 
carbonaceous body such as finely-divided graphite or charcoal. 

A form of nickel catalyzer was prepared in the author’s labora- 
tory by decomposing silicon tetrafluoride with water which yielded a 
very voluminous form of silica. 

This matorial was carefully washed free from chlorides and sulphates and 
dried. An amount of nickel nitrate crystals equal in weight to the silica was 
dissolved in five parts of water and the solution was thoroughly mixed with the 
silica. The mixture was dried and ignited until all fumes of nitrogen oxides 
were expelled. The dark powdery material was heated in a current of hydrogen 
for one hour at 327° C., cooled and preserved under oil to prevent oxidation. 
'J’his material carried approximately one-sixth of its weight of nickel. To a 
quantity of cottonseed oil, an amount of this catalyzer was added to introduce 
0.7 per cent of nickel and hydrogen was passed through the oil and catalyzer 
for 2^ hours at 175° C. At the end of this time the hardened fat produced 
was found to have an iodine number of 29.8. 


gfbatier and Espil§ have found nickel reduced from the oxide at 
temperatures above 350® C. is capable of hydrogenating the benzol 
ring. Frequent assertions have previously been made to the con- 
trary. Sabatier and Espil find that nickel reduced at 500® and main- 
tained for eight hours at 500° to 700® in an atmosphere of hydrogen 
is still active in this respect. When heated to 750® it would no 

♦Italian Patent No. 130,394; March 13, 1913. See also Austrian Patent 70,930, 
Jan. 10, 1916; Chem. Abs., 1916, 1279. 

t German Patent Application No. 73,304, Seifen. Ztg., 1915, 349. 
t U. S. Patent No. 1,151,003, August 24, 1915. 

§ Bull. Soc. Chim., Vol. XV., 1914, 779. 
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longer act to carry hydrogen to the benzol ring although it was 
still capable of effecting the reduction of nitro bodies. 

Bacon and Nicolet * prepare a catalyzer by impregnating an inert, 
porous supporting material or carrier, preferably pulverulent, such 
as kieselguhr, or powdered pumice, with a precipitant for a nickel 
salt. 

Such precipitant may be any suitable hydroxide or carbonate, such as sodium 
hydroxide associated with a small quantity of a substance which will give a bulky 
precipitate simultaneously with the precipitation of the nickel salt. This sup- 
plemental substance may be, for example, sodium aluminatc, and the bulky 
precipitate therefrom will in such case be aluminum hydroxide. To the sup- 
port or carrier thus impregnated with the precipitant for nickel and the sup- 
plemental i)rccipitant, is added a solution of an appropriate soluble nickel salt, 
as, for instance, the nitrate. Thereupon, the nickel salt is precipitated as nickel 
hydroxide by the sodium hydroxide or its equivalent upon and within the 
catalyst. At the same time, there is simultaneously precipitated the supple- 
mental bulky material by the decomposition of the sodium aluminate. This 
supplemental bulky material (in this case, aluminum hydroxide) further increases 
the surface of exposure of the catalyst. The impregnated support, or carrier is 
then washed to remove any injurious soluble products that may be present, 
and is thereafter dried and the insoluble nickel salt reduced to catalytically 
active nickel, at a temperature which preferably should not exceed a range of 
from 350° C. to 450° C. and with a duration of treatment of from one to two 
hours. If the solution of the nickel salt is absorbed by the support, and the 
product so obtained made to react with the solution of aluminate and other 
precipitant, less effective results are obtained. 

As an example of the manner of carrying out the process, 100 lb. of the de- 
sired carrier, .say pumice stone in small fragments, is impregnated with a solu- 
tion containing 65 lb. sodium hydroxide and sodium aluminate equivalent to 
5 lb. aluminum oxide; the precipitating st)lution containing 165 lb. crystallized 
nickel nitrate. The product is filtered, washed to remove soluble salts, or most 
of them, and reduced for two hours, between 350° C. and 450° C. The catalyst 
made as described should contain about 25 per cent nickel, and about 5 per cent 
aluminum oxide. 

Fragments of glass coated with about 1 per cent of their weight 
of reduced nickel are recommended by Wells t as catalytic material. 
The hydrogenation of the unsaturated components of light petro- 
leum oils has been carried out by passage of the oil vapors through 
a column of contact material composed of nickel-coated glass frag- 
ments about 0.5 in. in diameter. 

Sulzberger J finds the reducing power of hydrazine on metal com- 
pounds is increased in the presence of a metal of the platinum group, 
which may be added in the form of a sol. A nickel compound thus 

♦ tJ. S. Patent, No. 1,152,591, September 7, 1915. 

t U. S. Patent No. 1,179,484, April 18, 1916; J. S. C. I., 1916, 623. 

J Canadian. Patent No. 181,447, Jan 1, 1918; Chern. Abs., 1918, 605. 
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treated prodiiees a black iK)ii-j)yj'oj)h()ri(‘ powder which contains nickel, 
and the metal of the platinum group is an intimate mixture. 

Various methods of utilizing nickel carbonyl as a catalyzer in oil 
hardening are described by the author.* 

The nickel compound is brought into contact with heated oil with or without 
pressure to decompose the carbonyl and liberate finely-divided nickel. A mix- 
ture of nickel carbonyl and hydrogen may be passed into the oil to be hydro- 
genated liberating nickel in a nascent condition in the presence of hydrogen. 
Satisfactory results have been secured in the author’s laboratory by passing 
nickel carbonyl vapors into cottonseed oil at a temperature of about 200° C. 
until a sufficient amount of nickel had been formed to exert the desired rate of 
catalytic action. The oil is then cooled to about 180° C., and hydrogerj intro- 
duced. Hydrogenation readily takes place under these conditions even with 
only A) or Ao of a per cent of nickel prcscait. 


Nickel Silicate 

B3rrom f prepares a catalyst by precipitating a nickel salt from 
solution by means of an alkali silicate. 

For example, he takes 10 lb. of ni(!kel sulphate, pure and free from arsenic, 
and dissolves this salt in boiling water to form a saturated solution. Twenty 
pounds of a solution of sodium silicate (alkaline glass f) of 100° Twaddle are added 
and reduced to 25° Twaddle with boiling water; the solution being stirred until 
the whole of the sodium silicate solution has been added. The precipitate 
thus fonned is transferred to a filter and is washed with boiling water until the 
filtrate is free from sodium sulphate. The precipitate is pressed to free from 
excess of water. The operation of filtering may be carried out by the use 
of a filter press and the combined nickel hydroxide and silicic acid is thus ob- 
tained in the form of cakes which, when dry, is porous and can then be ground 
to a fine powder. The product may be used dirc(;t as a catalyst, or it may be 
reduced to the metallic state by heating in a current of hydrogen at as low a 
temperature as possible until no water vapor is given off. A temperature of 
d()()° C. is stated to be sufficient for complete reduction. Produced as described 
the catalyst will contain about 21 per cent of metallic nickel, and in use for the 
treatment of oils, and fats from j to 1 per cent of catalyst will be required 
calculated on the percentage of nickel it contains. 

Byrom observes that the preparation of catalysts by impregnating inert 
substances such as kieselguhr, with a solution of a metallic salt, and precipitating 
the hydroxide or carbonate on the inert substance by adding the required amount 
of a solution of the alkali hydrates, or carbonates, give products which are dif- 
ficult to filter and purify. In the case of impregnating kieselguhr with a solu- 
tion of nickel sulphate and forming nickel hydroxide by adding a solution of 
sodium hydrate, the precipitate formed is stated to be extremely difficult to 

♦ U. 8. Patent No. 1,138,201, May 4, 1915 and 1,154,496, September 21, 1916. 

t British Patent No. 13,382, 1913. 

J Sodium silicate is manufactured in two qualities known as alkaline glass and 
neutral glass. 
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purify and filter so as to obtain the product free from sodium sulphate formed 
in the mother liquid. 

By Byrom’s method, it is possible to increase the size of the grains in the 
precipitate, by allowing the deixisited material to stand for a few hours in the 
solution at a tem{)eraturo of 80° C. or thereabouts, as the dissolved inorganic 
salt (sodium sulphate) precipitates the gelatinous matter in the fonn of flakes, 
and for the time being prevents the formation of a colloidal solution, and, con- 
setjuently allows rapid filtration until the precipitate is free from sulphate and 
impurities. As soon as the precipitate is free from the dis.solved inorganic salt 
it commences to be difficult to filter, as a colloidal or j)seudo solution is formed, 
which passes through the filler, and this is taken as an inclic^ation that the pre- 
cipitate Is free from sulphates and impurilies. Byrom has found that the 
catalyst prepared as above described after drying may be used with advantage 
in the hydrogenation of oils without being reduced to the metallic state. He 
notes that the metallic hydroxide and silicic acid on being heated to a tempera- 
ture over 110° C. lose the property of fomiing colloidal solutions, being trans- 
formed into the crystalloids, the grains of which are much larger, and that 
ni(!kel thus obtained in combination with the silica acts as a catalyst, and the 
hydrogenation proceeds with greater velocity, than with the fully-reduced cata- 
lyst. 

Byrom also proposes to use a solution containing 9 lb. of nickel sulphale and 
1 lb. of titanous sulphate and thus to produce a mixture of oxides along with the 
silica. 

The silica in combination with the metallic oxide or metal exerts a decolorizing 
action on the oils treated, and facilitates the separation of the catalyst from the 
treated product. 

Byrom does not indicate to what extent nickel is present as the silicate or 
what proportion of free oxide or metal exists in the finished material. 

Instead of supporting a catalytic metal on a carrier of kieselguhr, 
kaolin or asbestos Sulzberger* states he has found that a much 
simpler method of finely dividing and spreading a catalytically 
efficient substance over an inert material containing silicon, silica 
or other compounds containing silicon as follows; 

An aqueous solution of a nickel salt is treated with a solution of sodium sili- 
cate, the precipitate filtered off, dried and subjected to a current of hydrogen, 
while being heated. A black powder is obtained. This substance is used as a 
catalyzer, in hydrogenating oils, with which it can readily be mixed, remaining 
well in suspension. It is stated that the latter effect may be due to silicic acid 
in a colloidal condition.! 

Sulzberger also recommends t borates, titanates, chromates, and 
uranates, of metals such as nickel, palladium or platinum. In 

*U. S. Patent No. 1,143,332, June 15, 1915 and Reissue Patent No. 14,107, 
Jjuly 18, 1916. 

t J. S. C. I., lt)15, 822. 

t British Patent No. 8,130, June 1, 1916; Canadian Patent, No. 181,287, December 
,25. -1917; , Chem. Abs., 1918, 005; 
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most C9/S6S tho catalysts arc formed by reduction. E.g., a solution 
of nickel chloride is treated with sodium silicate to precipitate nickel 
silicate, which is reduced in hydrogen at a low temperature to give a 
nickel catalyst. If a small amount of a palladium salt is added to 
the solution of nickel chloride, the resulting catalyst is rendered 
' more active. These catalysts may be used in the hydrogenation of 
cottonseed oil. 

The' regeneration of a spent nickel silicate catalyzer of the type 
described above is carried out by Sulzberger * as follows : 

The catalyst is largely separated from the oil or other substance which has 
been hydrogenated and the residue of the latter is removed by extraction or 
calcination. The catalyzer is then treated with the minimum requisite propor- 
tion of caustic soda to dissolve the silica (or boric acid, if nickel borate has been 
used) yielding the alkali salt. This solution is separated from the residual matter 
containing nickel and the latter is dissolved in an acid, nitric acid being recom- 
mended for the purpose. The acid and alkali solutions are mixed and nickel 
silicate is again formed. The precipitate is washed to free from soluble salts 
and is then reduced in an atmosphere of hydrogen gas. Other metal com- 
pounds including those of copper, titanium and uranium silicate or borate are 
stated to be capable of regeneration in a similar manner. 

The use of non-abrasive silica in conjunction with nickel and with or without 
palladium is proposed by Ellis, f The silica may be prepared by passing silicon 
tetrafluoride into water, collecting and drying the precipitated silicious material 
and incorporating with a nickel salt or palladium compound. 


Nickel Borate 

Schoenfeld t observes that oil hardening with the organic salts of 
nickel such as nickel formate and acetate is a special case of hydro- 
genation by means of metallic nickel, as these organic salts at the 
high temperature employed and under the influence of hydrogen are 
reduced to the metallic state when catalytic action becomes manifest. 
Schoenfeld has investigated the catalytic properties of an inorganic 
salt of nickel, namely, nickel borate, and advises that this compound 
is active as hydrogen carrier for oils and that it does not become 
reduced during the hydrogenation treatment. 

The nickel borate which Schoenfeld used was obtained from Kahlbaum. The 
salt was of a greenish color, insoluble in water, but soluble in acetic acid and 
dilute mineral acids. On heating strongly the color changed to a greenish- 
yellow. In order to improve the catalytic activity Schoenfeld found it advan- 
tageous to heat the borate at 300° C. in an atmosphere of hydrogen. By this 

* U. S. Patent No. 1,199,032, September 19, 1916. 
t U. S. Patent No. 1,266,782, May 21, 1918. 
t Siefen. Ztg., 1614. 946. 
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treatment a large part of the water of crystallization was lost but otherwise 
apparently no chemical change took place in the borate. Schoenfeld notes that 
the removal of the water is of importance in connection with the oil hardening 
for if the water-containing salt is applied directly, a greater part of the water 
is lost during hydrogenation and because of this change the catalyzer forms lumps 
which do not distribute well through the oil. Furthermore a higher temperature 
is required when water-containing borate is directly employed as a catalyzer. 
To remove the water Schoenfeld heated the borate in hydrogen for one-half hour at 
300° C. in an electrically-heated glass tube. The product so obtained was of a 
dark grey color. After such heating analysis showed the following composition: 

NiO 44 73% 

B 2 O 3 42.01% 

Calculated for NiB 204 H 20 . 

NiO 45.9% 

B 0 O 3 43 0% 

These results, therefore, indicate the compound to be nickel metaborate con- 
taining 1 molecule of water of crystallization. The remaining water of crys- 
tallization may be removed by protracted heating at 300°. For technical ajjpli- 
cation it is not necessary, however, to remove all the water, as the activity of 
the catalyzer is not increased by such protract, ed heat treatment. 

The catalytic activity of the compound was determined in the following simple 
manner: 

One hundred to 200 g. of the oil with 1 per cent of the nicrkel borate were 
placed in a flask of about, I liter capacity and were heated to 160° to 180° C. 
while hydrogen was passed through the oil. After the hydrogen was introduced 
in this manner for a short time the contents of the flask accjuired a greyish color 
as the result of the fine distribution of the catalyzer in the oil. Hydrogen was 
applied for 2| to three hours and the oil then filtered through paper. The 
residue of the ca alyzer was extracted with ether and benzene until supposedly 
free from oil, but on treatment with dilute mineral acids, oily drops separated. 
It was, therefore, concluded that during the hardening some of the free fatty 
acid present in the oil combined with nickel, forming a metallic soap with liber- 
ation of boric acid. To ascertain if this were the case 5 g. of the used cataly. er 
were dissolved in dilute hydrochloric acid and the oil which separated was 
extracted with ether and purified. The oil obtained was yellowish in color and 
contained about 50 per cent of free fatty acid corresponding to an acid number 
of 98, The acid number of the original oil was 0,3. After the hardening opera- 
tion the nickel borate was found to contain less boric acid than corresponded 
to the original formula. 

Analysis of Nickel Bouate ITsed foe Hardening 




NiO 

BjOi 

1. 

Used once 

42.07 

28.3 

2. 

Used twice 

44.3 

33.84 

3. 

(a) Used once 

43 5 

34.9 


(h).U 8 ed twice 

43.88 

33.5 


-(c) Used three times 

45.5 

29.42 


In investigation (3) an endeavor was made, by careful drying of the hydrogen 
to the formation of fatty acid to a minimum. The same mass of cata- 
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lyzer was used four to six times for hardening without any diminution of its 
activity. From the following observations Sehoenfeld concluded that catalysis 
was due to nickcjl borate alone and not to the small amount of nickel soap pnns- 
ent for the reason that (1) the temperature of H)0° to 180° was regarded as 
insufficient to cause nickel soap to become active; (2) the amount of the latter 
was too slight to elTect any considerable change, and (3) if the nickel soap were 
responsible for hydrogen addition the activity of the nickel borate? catalyzer 
would increase with repeated use as a result of the increase in the amount of 
nickel soap. Sehoenfeld found that as the content of nickel borate is reduced 
the activity of the catalyzer correspondingly diminishes. Various oils were 
treated with the borate catalyzer, including cottonseed, rape, linseed, soya bean 
and whale, oil, and satisfactorily hardened products obtained. In one experi- 
ment made by Sehoenfeld 200 g. of cottonseed oil were mixed with 2 g. of nickel 
borate add heated for thrc'c hours at 100 to 170° in a stream of hydrogen. The 
solidifying point of the hardened oil was 38° C. Ry longer action of the hydrogen 
a solidifying jioint of 47° was obtained. The apiilicsation of jiressures of onc-lialf 
to one atmosphere somewhat improved the r(*a(!tion so tliat in two hours linseed oil, 
for example, was convcTted into a fat of the consisti'ncy of tallow with a solidify- 
ing-point of 38°. The hardiaied oils which Schoiaifeld prepared liy means of 
nick(‘l borat(‘ poss(‘ss(*d a pure white color and the acid number was not- incri'ased 
by the hardening treatment. Schoenf(‘ld regards nickel borate especually desirable 
as a catalyzer because it ajipears that the ordinary catalyzer jioisons such as sulphur 
do not cfTect the activity of the borate. Sehoenfeld in fact added sulphur to 
cottonseed oil and claims no detrimental effect was incurred thereby. 11c sum- 
marizes the advantages of using nickel borate, as follows: The hardening occurs 
at a relatively low terniierature (160° to 180° and in most cases between 160° 
to 170°). The application of gas under pressure is not necessary, and the 
hydrogenation can be carried out in very simple apparatus. The lack of sensi- 
tiveness to catalyzer poisons and the ability to use the nickel borate repeatedly 
also are advantages. 

Erdmann and Rack * carried out various tests with nickel borate 
which lead them to regard Schoenfcld’s conclusions as unreliable. 

It was noted that Sehoenfeld used Kahlbaum’s nickel borate containing slightly 
more nickel than corresponded to the formula Ni 0 *B 203 on linseed oil and also 
on the easiest of all fatty oils to harden, i.e., refined cotton oil. 

No hydrogenating action was observed with either hydrated or anhydrous 
nickel borate at a temperature of 175° C. Green nickel borate was heated for 
one-half hour at 330° to 340° C., in a stream of nitrogen. Four grams of this 
borate material was introduced into 400 g. of cotton oil which previously had 
been heated to 100° C. The temperature was raised to 175° C. and a stream 
of hydrogen at the rate of 20 liters per minute was passed through the oil for 
three hours. No hardening occurred. Linseed oil gave the same results. 

Green nickel borate was heated in hydrogen at 300° to 305° C. for one-half 
hour, and during this treatment the color of the material changed from yellowish 
brown to grey. An aqueous solution of phosphomolybdic acid was colored blue 
on standing with some of the grey product. Cotton oil treated for 9| hours 


* Seifen. Ztg., 1916, 3. 
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with this hydroRen treated material hydrogenated only slightly indicating very 
weak hydrogenating power. 

A quantity of the borate was exposed to hydrogen at a temperature of 340® 
and a dark grey product obtained. Under the same conditions except in an 
atmosphere of nitrogen a yellowish brown material resulted. While the latter 
material was neither magnetic nor reactive with phosphomolybdic acid, the dark 
grey prodtict was attracted by a magnet and colored phosphomolybdic acid 
strongly blue. Some of the grey product was pressed to fonn a block and a 
current of electricity at 80 volts used to test its electrical conductivity. No 
passage of the current could be detected when employing a sensitive inilliampere 
meter, from which Erdmann concluded that no metallic nickel, but nickel sub- 
oxide, was present. On treatment with dilute mineral acid hydrogen was evolved 
in an amount corresponding to 7.4 per cent nickel suboxide (NioO). 

Four grams of the dark grey product were mixed with 400 g. of edible cotton 
oil and on heating to 175® to 180° C., a hydrogen stream (20 liters per minute) 
was passed through the oil for three hours when the solidifying point of the 
latter was found to be 31.8° C. The catalyzer distributed well thrcnigh the oil 
in the manner characteristic of nickel suboxide and due, it is stated, to the 
formation of an organosol. The recovered catalytic agent did not exhibit any 
electrical conductivity. 

Five hundred grams of cotton oil were heated to 125® C., 15 g. green nickel 
borate were added and the temperature was then raised to 260®. A stream of 
hydrogen was passed through the oil for five hours, and the oil was found to 
be hydrogenated to a solidifying point of 31.8®. 

As is known, boric acid is a very weak acid body and the salts of mono- and 
tri-basic boric acid are, therefore, ver>^ unstable. Salts of the nature of borax 
derived from tetra boric acid are more stable. On heating nickel borate 
Ni()*B 203 to 300° it is likely that nickel oxide and tetra borate form according 
to the equation 2 NiB 204 =NiB 40 +NiO. 

By treatment with hydrogen for one-half hour at 300° or even at 340® C., 
nickel suboxide, not metallic nickel is stated to be formed. While pure nickel 
oxide is readily reduced to the metallic state by hydrogen at 300® C., this is 
held not to occur in the presence of boric acid, which acts to retard reduction. 
This acid belongs to a class of bodies which so hold back the reducing reaction 
that either resort must be had to higher temperatures to secure the metal, or 
the intermediate suboxide phase obtains according to circumstances. 

Summary. 1. Neither hydrated nor anhydrous nickel borate has proven 
active as a fat-hardening catalyst at a temperature of 175° C. 

2. By heating nickel borate in hydrogen at 300° to 340® C., a partial reduc- 
tion to the suboxide of the nickel oxide present in the borate, occurs. Due to 
the presence of the suboxide, the material subdivides in fatty oils and acts cata- 
lytically at 175° although less effectively than pure nickel suboxide. 

3. If a fatty oil is heated with green nickel borate to 260® C., and treated 
with hydrogen, decomposition occurs with formation of nickel oxide and sub- 
oxide and these products act as hydrogen carriers in the same manner as the 
decomposition products of organic nickel salts such as nickel acetate have been 
observed to function.* It is claimed by Erdmann and Rack that Schoenfeld is in 
error in wsljhbiiig the hydrogenation of fats when using nickel formate, acetate, 


‘ Journ. prakt Chem. (N. F.). 87 , 449, and 452. 
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etc., to the agency of metallic nickel, as nickel oxides are considered responsible 
for the reaction. 

4. No advantages over nickel oxide have l)een found in nickel borate. The 
low temperature of hardening observed with the latter is merely a consequence 
of the prior formation of nickel suboxide. The property of the latter to act a 
hydrogen carrier at a temperature below 200° C., was already known. The 
advantages ascribed to nickel borate by Schoenfcld, namely, that no hydrogen 
pressure above atmospheric is required hence the hydrogenation process may be 
carried out in very simple apparatus, the slight degree of sensibility to catalyzer 
poisons, the case of separation of the hardened prodiKit from the catalyzer, the 
ability to use the catalyzer repeatedly, are all features of value a))plicable to the 
nickel oxide process as pointed out in German Patent No. 2()(),438 and elsewhere. 
Nickel borate possesses the practical disadvantage that it affords nickel oxide 
loaded with material of no value in the hardening process. 

Nickel Borate. Normann * refers to hydrogenation by means of organic nickel 
salts such as the formate, acetate, stearate and oleate as only a special case of 
usage of metallic nickel as a catalyzer as formation of the met-al always occurs 
before hardening takes place, f In fact the lil)eration of organic acids in a state 
of purity is secured in many cases by passing hydrogen into the corresponding 
salt of nickel J affording a technical process for the preparation of pure concen- 
trated organic acids. It also is known that inorganic salts of nickel can l)e 
reduced by hydrogen to the metallic state § and that catalyzers have been pre- 
pared by the reduction of inorganic nickel salts. || 

It is to be expected that nickel borate would be broken down to a greater 
or less degree into metallic nickel and free boric acid on heating in a stream 
of hydrogen. This decomposition actually occurs, but when reduction takes 
place below 300° but very little boron trioxidc volatilizes. 

On heating nickel borate in an electric furnace at 300° in a current of air, 
some boric acid sublimes and the borate turns to a deeper shade of green. 
Water hydrolyzes the borate, forming free boric acid and nickel hydroxide. 

Nickel borate was heated in a current of hydrogen for one-half to three- 
quarters of an hour at temperatures ranging from 300° to 400° C. The product 
reduced at 300° was used to hydrogenate cottonseed oil and in three hours treat- 
ment at 170° to 180° C. the iodine number was reduced from 108 to 104.5. 

By reduction of the borate at 350° an iodine number of 101.4 was obtained 
under otherwise similar conditions. The borate reduced at 400° was consider- 
ably darker in color, and cotton oil treated with it exhibited an iodine number of 
47.7. No hydrogenation of the oil was perceptible when using nickel borate 
without previous reduction. 

In order to show the presence of free metallic nickel in this borate catalyzer 
the carbon monoxide method ^ was applied. It was found that free boric acid 
prevented the reaction between carbon monoxide and nickel. Accordingly the 
reduced and cooled Iterate was introduced into water (in an atmosphere of car- 
bon dioxide to prevent contact with oxygen), the mixture wanned on the water- 

♦Seifen. Ztg., 1915, 46-47. 

t Moigon and Bartels, Journ. prakt. Chem., 1914, 89, 290. 

X German Patent No. 217,846. 

IGmelin Kraut V, 1, 23, 1909. 

II Journ. of Gas Light, 1, 7, 13, page 31. 

t Chem. Ztg., 1915, No. 6 and No. 7/8. 
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bath and filtered in such a manner as to avoid contact with air. The precip- 
itate, thus freed of boric acid, was dried in hydrogen below 100° C., and after 
drying was exposed to carbon monoxide. The gaseous products of reaction were 
I)a8sed through a heated tube of glass and the rate of formation of a nickel 
mirror noted. The borate reduced at 300° and 350° quickly yielded a slight 
but distinct nickel mirror while the product reduced at 400° formed a heavy 
mirror. This is considered proof of the presence of metallic nickel in the reduced 
borate and the former only is responsible for hydrogenation.* 

Erdman and Rack f believe the fact is fully established that nickel 
sub-oxide is formed when nickel borate is heated in oil at 260° C., 
and hydrogen passed through the vehicle, also that the same product 
is obtained by reducing the borate as a dry powder at 340° C., with 
hydrogen gas. 

Erdmann states he does not know whether or not metallic nickel is formed 
at 400° C., as he has made no observations at so high a temperature, but that 
it is probable the increase in tcmi)erature has, in this case, the same influence on 
the progress of reduction as has been noted with organic salts of nickel. Bed- 
ford and Erdmann t found nickel oxide to be formed when such organic salts 
were heated in oil through which a stream of hydrogen was passed, and only 
under special conditions such as a substantial increase in the temperature was 
metallic nickel produced. Erdmann also observes that Normann refers to 
Meigen and Bartels as confinning the view that hydrogenation with organic 
nickel salts is only a special case of operation with metallic nickel, although 
Meigen and Bartels are stated not to have published anything touching on this 
point. Erdmann reiterates that this view is wholly erroneous. He questions the 
credibility of Meigen and Bartels’ results in other respects. 

Also it is asserted by Erdmann that he was aware phosphomolybdic acid 
was not a reagent suitable to distinguish nickel from its suboxide as both bodies 
react to fonn molybdenum blue, but that this reagent was employed on the 
nickel borate to show that reduction had taken place. On the other hand, 
Erdmann regards as positive proof of formation of nickel suboxides: (1) the 
black color resulting from subdivision of the catalyzer during its formation in 
oil and (2) the lack of electrical conductivity of the used and fat-free catalytic 
agent. The conductivity also increases with increase in temperature. § 

Schoenfeld 1 | discusses the observations of Bosshard and Fischli ^ 
who, Schoenfeld notes, on the basis of an experiment with oleic acid, 
have stated that in the hydrogenation of oils in presence of nickel 
borate, catalytic action comes into play only after the borate is 
decomposed. 

* See also Normann and Schick, Arch. Pharm., 252 , 208-210, 1914. 
t Seifen. Ztg., 1915, 76. 
t Journ.^rakt. Chem. (2) 87 , 449. 

§ Seifen Ztg. I'OIS. 288. 

II Z. angew. Chem, 1916, 29 , 39; J. S. C. I., 1916, 3G7; J. Chem. Soc. xio, 1, 248. 
tJ. S.C. L. 1916, 1079. 
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Schoenfeld points out that his conclusions in regard to the favorable action of 
nickel borate as catalyst referred only to neutral fats and that he was aware of 
the decomposition of nickel borate by free fatty acids. In Hosshard and Fischli’s 
experiment, the activity diminished with increasing decomposition of the catalyst, 
and this confirms Schoenfeld’s contention that nickel borate is a more effective 
hydrogen carrier than the mixture of nickel and nickel oxide (with boric acid) 
formed by its decomposition. In many cases hardened fats (especially from 
marine animal oils) produced with the aid of nickel or nickel oxide contain more 
nickel than those prepared with the aid of nickel borate. Schoenfeld disputes 

the statement of Bosshard and Fischli that the catalytic hydrogenation of oils 

in presence of nickel borate is conditioned by the previous decomposition of 
the salt; the reverse, in fact, he claims is the case, for with increasing decom- 
position of the borate owing to the action of the free oleic acid used in Boss- 
hard's experiment, the activity of the catalyst diminishes. The relatively high 
nickel content of the oleic acid hardened in presence of nickel borate is likewise 
to be attributed by Schoenfeld to the decomposition of the salt by the free fatty 
acid. 

C. and G. Muller Speisefettfabrik A.-G.* employ a hydrogena- 
tion catalyzer consisting of a nickel salt of an inorganic acid not 
volatile at the temperature of hydrogenation (e.g., nickel borate or 

silicate). The nickel salts are preferably heated in a current of 

hydrogen before use. 

The action of nickel borate as a catalyzer has been determined in the author's 
laboratory. A nickel compound was prepared by treating a solution of nickel 
sulphate with sodium metaborate. The voluminous precipitate which formed 
was dried in the air at 100. C. and subsequently dehydrated at a higher tem- 
perature in a current of hydrogen. This product hardened cottonseed oil at 
about the same rate as the catalytic material used by Schoenfeld. 

A catalyzer described by Bremen Besigheimer Oelfabriken f is 
produced by calcining organic metal compounds, or a mixture of 
metal compounds with carbon or carbon-containing substances, and 
introducing the mixture, immediately after calcining, into oil or 
other indifferent liquid in which it can be kept indefinitely. 

It is essential that the calcining should be continued until the mixture has 
become pyrophorous; as this quality is stated to greatly increase the catalytic 
action of the material. 

The observation is made that it has been previously proposed to heat or 
burn organic metal compounds or mixtures of metal compounds and carbon to 
produce finely-divided catalytic materials, but that it has never been proposed 
to introduce the materials so produced directly into oil, immediately the desired 
stage of the calcining has been reached; also that catalysts produced by reduc- 

* French Patent No. 470,364, March 28, 1914; J. S. C. I., 1915, 186; Swedish 
Patent No. 41,331, September 13, 1916; Chem. Abs., 1916, 3172. 

t British Patent No. 4023, 1915. 
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tion in a current of hydrogen have previously been rubbed up with oil to form a 
viscid “ emulsion-like fluid/' and the suggestion has been advanced to mix a 
metal compound with oil or other protective substance and reduce the mixture 
in the presence of hydrogen. In the present case, however, it is noted that the 
expensive, lengthy and dangerous reduction with hydrogen is entirely avoided. 

Fats hydrogenated with the ordinary catalyzer, are stated to have a peculiar 
smell which is designated as “ catalyzer smell.” To eliminate this smell, the 
fats have to be steamed after hydrogenation. This steaming usually is regarded 
as unnecessary when catalyzers prepared by calcination are used. The carbon 
is claimed to reniove the typical catalyzer smell, so that when hydrogenating 
with the aid of these catalyzers, substances are obtained that can be used at 
once for technical purposes. Owing to the presence of carbon, the fat is found 
to be more easily filtered and at the same time bleached, as pyrophorous carbon 
has bleaching properties. 

The process may be carried out in the following manner: 

Benzoate of nickel is heated above lOOO® C. until carbonized, and the carbon 
has completely or partly reduced the oxide of nickel formed. The so-called 
mixture of carbon and metal is then at once mixed with oil, or other indifferent 
liquid. The calcination reaction is found to reach completeness in a few min- 
utes, or at the outside in half an hour. 

In a second way of carrying out the process, carbonate or oxide of nickel, 
precipitated on fossil meal, is mixed with about the same quantity of fine car- 
bon, and heated above 1000° C. until the mass has become pyrophorous. It is 
then introduced without delay into oil and is thoroughly mixed with the latter. 
This catalyzer may then be mixed with a further quantity of oil. Its lasting 
qualities are very good. 

Oil hardening with such catalyzers can be carried out at 160° to 200° Car- 
bon, which by itself becomes pyrophorous on being calcined, such as, for instance, 
animal charcoal, is recommended. This is regarded as apparently due to the 
fact that pyrophorous carbon alone has a catalyzing action, and also assists the 
metal catalyzer in its catalytic action. 

The application of nickel boride * and of nickel carbide f or of 
catalyzers containing the latter is proposed by Ellis. The catalyzer 
may be sealed in paraffin wax. 

The preparation of a catalyzer from inorganic basic compounds 
is described by Ellis, t 

One form of this catalyzer is prepared by subjecting nickel hydrate to the 
reducing action of hydrogen in a submersion or bathing liquid of oil or glycerine. 
The reduction is carried out at so low a temperature that the catalytic material 
is left in a relatively voluminous condition. By the reduction of mixtures of 
nickel hydrate and other metallic hydrates such as copper hydrate, a composite 
metal pUwder is obtained which is particularly active in the hydrogenation of 
some oils. The composite catalyzer of nickel and copper has been found effective 

*U. S. Patents No. 1,201,226, Oct. 10, 1916; 1,255,590, Feb. 5, 1918; J. S. C. I., 
1918, 214 A. 

tU. S. Patent No. 1,182,995, May 16, 1916. 

tU. fL Patent No. 1.156.068. Ont.ohftr 12, 1916. 
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in the hardening of commercial oleic acid. A method of prc^pariiig nitskcl hydrate 
in a form suitable for reduction to yield catalytic nickel is described by Ellis.* 

Some interesting observations have been made by Kelber f on 
the catalytic hydrogenation of organic compounds with non-noble 
metals at room temperature. 

The catalytic action of the reduced nickel metals is stated to be greatly 
increased if the compounds employed (best the basic carbonates) are first de- 
posited on a suitable carrier (infusorial earth, Florida clay, the various com- 
mercial hydrosilicates of aluminum and magnesium, blood charcoal, the decolor- 
izing charcoal of the ferrocyanide manufacture, linden charcoal, etc.). The 
reduction is best effected in aqueous or aqueous-alcoholic solutions. In alcohol, 
benzol, acetone, ethyl ether and ethyl acetate it is slower; the addition of a 
little water, especially with ethyl ether and ethyl acetate, greatly accelerates it; 
in acetic acid it is rapid with nickel reduced at 310®. Chloroform is not suit- 
able. To get an approximate comparison of the catalytic action of reduced 
non-noble metals with that of colloidal palladium, the detonating gas catalysis 
was carried out; Kelber and Schwarz palladium preparation J was used; 0.2 g. 
this (=0.0344 g. Pd) showed an activity which at first was less than that of 
0.5 g. nickel (a) (from the basic carbonate) reduced on 4.5 g. of an inorganic 
carrier in hydrogen at 450®, although it gradually increased as compared with 
the activity of the nickel and finally surpassed it. A nickel prepared at 310“ or 
450° without a carrier gave a negative result. In the reduction of 0.75 g. 
cinnamic acid in 50 per cent alcohol, however, preparation (a) and 3.0 g. nickel 
reduced at 450° have about the same effect as 0.5 g. reduced at 310°, while 
0.5 g. reduced at 450° without a carrier is enormously less effective than prep- 
aration (o); in an aqueous alcoholic solution of sodium cinnamate the nickel 
reduced at 310° has the same effect as an equal weight of nickel reduced at 
450° on a carrier. Cobalt may be used instead of nickel but the reduction is 
slower. Other substances reduced in this way were sodium phenyl propiolate, 
quinine hydrochloride, diphenyldiacetylene, sodium “ cotton oleate.” Details 
of the various experiments showing the amounts of hydrogen absorbed in dif- 
ferent time intervals are Riven. 

Fuchs § observes that carbonates of some base metals, such for 
instance as nickel carbonate, can be converted directly into metals 
in a very finely-divided condition by immersing or suspending this 
material in the fatty acid or oil to be reduced and heating in the 
presence of hydrogen to the specific reduction temperature for each 
compound, which lies between 210° and 290° C. After the formation 
of the catalyzer is complete the temperature is lowered and the 
reduction of the oil is effected. By such procedure the catalyzer is 
prevented from coming into contact with the air. In plants where 

♦U. S. Patent No. 1,166,956, Dec. 28. 1915. 
tChem. Aba., 1916, 837; Ber. 49* 1916, 55-63. 
t Chem. Aba. 6, 2757. 

§ Chem. Aba., 1914, 3636; British Patent No. 11,542, 1913. 
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hydrogenation is performed with the circulation of a hydrogen 
atmosphere the employment of organic salts of metals is held by 
Fuchs to be impracticable because the oxide of carbon which is 
constantly generated cannot be eliminated from such hydrogen 
atmosphere except at high cost. As an example of Fuchs’ method, 
castor-oil is mixed with 1.2 per cent of finely-powdered and prefer- 
ably freshly-prepared nickel carbonate previously dried at a tem- 
perature of 110° C. and the mixture is then heated to a temperature 
of 230° C. while a (current of hydrogen is allowed to pass slowly 
therethrough. As soon as this temperature is attained, compressed 
hydrogen (twelve to fifteen atmospheres) is admitted into the mix- 
ture through a nozzle. The reduction of the salt to metallic nickel 
takes plat^e with a slight frothing due to the evolution of water. As 
soon as this operation is completed the temperature is lowered and 
the reduction of the oil is carried out as an uninterrupted continua- 
tion of the preceding operation. 

Catalytic substances such as metals on an inert carrier which have 
been used in hydrogenating oils or fats are regenerated according to 
Morrison’s method * by expressing most of the oleaginous material 
from the catalyst so as to form the latter into briquets or cakes, 
burning out residual organic substances and then recovering the 
metal in catalytically active form by heating in hydrogen. 

Morrison observes that great difficulty is experienced in revivifying 
metallic catalysts, either wholly metallic or on an inert support, 
which have been ‘"spent” in the hydrogenation of fats and oils. 
The most direct way is to dissolve out the fats, etc., with a suitable 
solvent, then reduce in an atmosphere of hydrogen. It has been 
found that there is much organic matter present, which is not sol- 
uble in ordinary solvents and when it has been sought to burn out 
Ihis organic matter difficulties arise. If a reducing temperature or 
temperature below the point of ignition in the air is employed, the 
material is apt to char, leaving a great deal of carbon in the material. 
If the material is heated in an oxidizing atmosphere and at a tem- 
perature which will burn out all the organic matter, it is found that 
it is not catalytically active when reduced in hydrogen. Further 
it is very difficult to burn out completely a light pulverulent mate- 
rial without frequent turning over, to expose the unburned portion 
to the air. In turning it over, it dusts easily, entailing losses. 
Morrison , recommends that the material as it comes from the filter- 
ing or settling apparatus, either after being extracted with a suitable 

♦ XJ, S. Patent No. 1,203,233, October 31, l9l6; Chem. Abs., 1917, 105. 
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solvent or direct, containing all the oil and organic matter, be sub- 
jected to pressure, preferably in a hydraulic press, at about 2000 lb. 
per square inch in order to extract as much oil as possible. Cakes 
or briquets are thus formed, which can be readily and completely 
burned out, without the necessity of turning them over to better 
expose to the air, as the lumps allow a free circulation of air. After 
the material is sufficiently burned (a small per cent of carbon does 
not interfere), it is macerated with water and sufficient mineral 
acid is added to dissolve all the metallic; portion. This is done in a 
vessel wliich contains a mechanical agitator to keep the material in 
suspension. When the metal or oxide is dissolved and still while 
agitating the metal salt is precipitated as a hydrate or carbonate by 
sodium carbonate. It is now washed practically free of any soluble 
salts which would interfere with its activity, i.e., salts which would 
act as “ poisons ” either before or after reducing, such as sodium 
sulphide or sodium sulphate. A washing filter press is recom- 
mended for this purpose. The washed product is dried, ground and 
reduced in an atmosphere of hydrogcui. Morrison states that it will 
be found to have regained its original activity. 

Nickel oxides used as catalytic agents in the hydrogenation of oils may be regen- 
erated by removing tiie grease, calcining with limited access of air so as to produce 
suhoxide, or with free access of air to produce monoxide, washing if necessary (e.g., 
if a chlorinated solvent has been used for extracting grease) and drying. The mon- 
oxide thus obtained may be converted into suboxide by a limited dry reduction by 
hydrogen, the operation not being pushed so far .as to produce a pyrophoric jiroduct. * 

A catalyzer rendered inactive by adhering fat is treated by Haas,t 
in an autoclave, under pressure to saponify the fat. 

In using nickel in a colloidal form difficulty is experienced in the 
filtration of oil in which such a body is suspended and Ellis J has 
proposed the filtration of oil containing colloidal nickel through 
a bed or layer of hydrated silicic acid or silicate such as zeolite or 
natural silicate containing hydrous material. 

In carrying out this process the bulk of the catalytic material may be removed 
by coarse filtration. The oil carrying the finer particles of the catalyzer is 
passed through a filter containing the hydrated silicic acid or hydrated silicate. 
An ordinary filter press may be used for this purpose and the silicious material 
may be applied to the filter cloths by passing through the press a quantity of 
hardened oil in a molten condition containing the silicious material, thereby 

* <sSoc. I'ndwtricll(i dc Products ChimiQues. Uritish Patent No. 112,768, Nov. 5, 1917 j 
Chem. Abs., 1918, 12.58. 

t Norwegian Patent No. 28,034, July 2, 1917; Chem. Abs., I3, 98. 

t U. S. Patent No. 1,224,291, May 1, 1917. 
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forming a silicious coating on the filter cloths. An effective form of filtering 
agent is prepared by precipitating silicic acid on kieselguhr or fuller’s earth. 

Bosch, Mittasch and Schneider * suggest a form of catalytic mate- 
rial useful for carrying out hydrogenation and dehydrogenation 
rapidly, ‘ with certainty and at comparatively low temperatures. 
An intimate mixture of a common metal, iron, nickel, cobalt and 
copper, with a phosphate of an alkaline earth metal as a promoter, 
is employed. It is necessary to effect an intimate mixture of the 
catalytic metal and the promoter. If calcium phosphate be em- 
ployed as the promoter, the oxide or carbonate of the catalytic 
metal can bo mixed with calcium phosphate and the mixture there- 
upon be heated and reduced. A still better method consists in 
taking an insoluble salt, such as the carbonate, or an oxide of the 
catalytic metal, and adding to it a solution of a calcium salt, for 
instance, calcium nitrate, and then to add the necessary quantity of 
phosphoric acid either as such or in the form of ammonium phos- 
phate, or alkali metal phosphate, in order to convert the calcium into 
phosphate. It is preferred to employ basic phosphates, such as tri- 
calcium phosphate, as promoters. 

It is advantageous for the purpose of making a very active con- 
tact mass to prepare the catalytic metal from carbonaceous salts or 
mixtures of such salts, for instance, from carbonates or from for- 
mates. It is often useful to add to the mixture, bodies of inorganic 
or organic nature, which act cither as carriers, or as binding agents, 
or which increase the porosity of the contact mass. Asbestos, char- 
coal, or pumice may be used. The catalytic metal can be employed 
either in a state of fine division, or in a more compact form, such as 
wire netting, or wool, or in sheet form. 

Catalytic mixtures made according to this method can be used 
dor the hydrogenation and dehydrogenation of compounds containing 
carbon and are of particular value for the hardening of fats and 
fatty acids. 

The reaction can be carried out either at ordinary pressure, or 
under increased pressure, for instance, above fifty atmospheres and in 
most cases proceeds sufficiently rapidly at temperatures I elow 180° C. 

Example: Suspend 5 parts by weight of nickel carbonate in a 
solution of 1.3 parts of calcium nitrate, and then precipitate the cal- 
cium by the addition of 0.7 part of ammonium phosphate 
(NH 4 H 2 PO 4 ). Filter, wash well, dry and reduce with hydrogen at 

• U. S. Patent No. 1,216,336, February 13, 1917. See also No. 1,271,013, July 2, 
X91^. 
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about 350® C. This contact mass may be employed in the reduc- 
tion of cottonseed oil by means of hydrogen at about 130° C. In 
another case * the same investigators employ an oxide of boron as a 
promoter and as an example they recommend to mix freshly-pre- 
cipitated nickel carbonate with 10 per cent of its weight of ammo- 
nium borate previously dissolved in water. The product is dried 
and reduced. Calcium borate may be similarly used. This cata- 
lyzer is recommended for hardening fish oil. 

Organic Salts of Nickel as Raw Materials for Catalyzers, 
Metallic Formates and Oleates 

Snelling f observes that in the use of a siliceous carrier with an 
oxide it is difficult to prevent more or less formation of slaggy com- 
pounds, but that a catalyzer of high reactivity can be pi*epared by 
heating the metallic formates, the reduction of which takes place at 
a very low temperature, and proceeds smoothly. 

Nickel, cobalt, iron and copper fonnate, etc., may be used; and these salts 
may be employed in the dry state where a powder is required; or a porous 
carrier may be soaked with a solution of the formate, dried and reduced. On 
heating, the formates decompose with an evolution of carbon monoxide and 
hydrogen, both strongly reducing gases; and this evolution of these gases in 
statu nascendi, allows the formation of highly reactive metal at very low tem- 
peratures. It is not necessary as in the case of nitrates, to supply the reducing 
means from another source; which is regarded by Snelling as an advantage in 
tlie case of forming the catalyst on a support. In the formates, the combus- 
tible and the oxygen of the metal oxide are in atomic or molecular contact; a 
contact differing from that of the oxide as powder in an atmosphere of hydrogen. 
And, as the reduction of the metal oxide and the oxidation of the combustible 
as a total reaction is exothermic, a reduction change started in one portion of a 
mass of formate tends to spread through it; the reaction it is stated can be 
initiated at one point and allowed to spread through the material as a self- 
propagating reaction. The reduction may be effected at a comparatively very 
low temperature; a temperature at which there is no tendency of the reduced 
metal to sinter or of the oxides to slag. 

In making reactive copper where the metal is desired in pulverulent form, 
copper formate is first dried at a low temperature and is then cautiously heated 
in a container to the lowest temperature at which the formation of metal becomes 
evident. The air in the tube is best displaced by hydrogen prior to heating. 
The formate may be dried in the container in which reduction is subsequently 
to be effected. In so doing it is advantageous to pass through a stream of 
hydrogen or other non-oxidizing gas. This stream carries away as fast as formed 
the water produced in drying and that produced in the subsequent reduction and 
much facilitates both operations. A vacuum may be used in lieu of hydrogen. 

* U. S. Patent No. 1,215,334, February 13, 1917. 

tU. S. Patent No. 1,122,811, Dcceml)cr 29, 1914; J. S. C. I., 1915, 182. 
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Where the copper is carried on a support, the carrier may be soaked in a solution 
of copi)er formate and the impregnaled material dri(‘d and heated in the same 
way. It is particularly advantageous in t,his case after placing the impregnated 
carrier in the reduction vessel to produce a vac!uuni to remove adsorbed air. 
Hydrogen is then allowed to enter and the material heated. 

The porous carrier employed may be any of the usual refractory materials. 
For nickel, cobalt, iron, copper, etc., where used for hydrogen addition, as in 
hardening fats, the carrier may be coke. Where used in oxidizing reactions, as 
in the manufacture of formaldehyde, the carrier is better an inoxidizable material 
such as pumice-stone, baked clay, kicselguhr, etc. For many purposes Snelling 
finds that alundurn is a desirable carrier since in some reactions alumina has a 
catalytic action. It is particularly advantageous in making a copiKjr catalyst 
for the manufacture of formaldehyde. 

For many purposes in catalytic operations Snelling states it is desirable to 
have a column of catalytic material wherein the carrier has different proportions 
of catalyst at different points throughout the column. For examj)le, in making 
fonnaldehyde from methyl alcohol and air it is advantageous to have tlie mixed 
vapor and air pass through an alundurn carrier containing a relatively small 
amount of copper, then past a carrier containing more, and so on until the 
mixture finally passes a carrier relatively rich in catalyst. It is regarded as 
advantageous to have the concentration of the reactive bodies inversely pro- 
portional in any given zone of catalysis. Similarly in hydrogenation processes 
involving the addition of hydrogen to vapors and gases, it is advantageous to 
have the gas mixture first pass through a carrier containing relatively little 
reduced nickel and subsequently past a carrier containing more nickel. 

As stated, the reduction of the formate should be at the lowest possible 
temperature; and the material should be brought at this temperature rather 
gradually. Careful observation of any given formate will show to the eye the 
point where reduction begins. Any violent heating causes a sudden decomposi- 
tion of the formate with the liberation of carbon monoxide and hydrogen in the 
gaseous form; after which reduction can only be in the ordinary way; viz., by 
a reducing atmosphere. With violent heating the reaction, under the catalytic 
influence of the metal, is apt to be irregular and result in the production of 
carbon and other bodies. 

Spieler * states he has found that gelatinous aluminum hydrate, 
also gelatinous silicon hydrate possess catalytic properties in a slight 
degree, not sufficiently marked to be of value as a commercial 
catalyst when used by themselves; however, when in contact or in 
combination with nickel salts the catalytic properties of these hy- 
drates are remarkably increased, so much that such a compound 
or copfibination has far greater catalytic activities than either of the 
component ingredients themselves. 

When a nickel salt of an organic acid, such as nickel formate (also nickel 
carbonate), is intimately incorporated with a preponderating quantity of inor- 
ganic colloids, such as gelatinous aluminum hydrate or gelatinous silicon hydrate, 

. ♦ U. S. Patent No. 1,139,592, May 18, 1915. 
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either singly or together, in the dry state, or with water to form a pasty mass, 
and this heated with a quantity of fat or oil to a tempcratnre approximately 
230® to 250® C. in a pressure vessel arranged to agitate the contents, a catalyzer 
of uniform activity and stability can be produced. 

In preparing this catalytic compound, in the event the chemical ingredients 
are in the form of a pasty mass, during the stage of the evaporation of the 
water and the sul)sequcnt heating to the final temiierature, a brisk agitation of 
the mass is desirable, as by this procedure the entire catalytic substance is 
finely and unifonnly distributed throughout the suspension medium. 

During the stage of evaporation of the water of solution, some intermediate 
reactions may occur between the nickel formate or carbonate and the inorganic 
colloids; however, the final decomposition of the nickel formate may be ex- 
pressed by the equation 

Ni(C00H)2 = Ni+2H+C02, 
and that of the nickel carbonate as 

NiC0,=Ni0+C02. 

The hydrogen libera' ed during the decomposition of the formate is in the 
nascent, state and within the oil-covered particles is absorbed by the catalyzer, 
which is then fully charged with the hydrogen content it is capable of occluding. 
In this manner the catalyzer is preserved in its most potent state. 

A convenient method of preparing this catalyzer is to take 40 parts of nickel 
formate and carlionate in aqueous sus|)cnsion and thoroughly incorporate this 
with about 80 parts of gelatinous almninum hydrate or gelatinous silicon hydrate, 
either singly or together, in any proportion. The proportion of nickel formate 
and carbonate may be varied considerably. The proportion may be as low as 
4 parts of one to 36 parts of the other with satisfactory results. This mixture 
is placed in an agitating vessel with 100 parts of a suspensory medium (oil) and 
the whole mass is heated with constant agitation. The steam resulting from 
the evaporation of the aqueous solution is allowed to escape. When the water 
has been driven off, the temperature is raised to approximately 235® to 250® C. 
and this temperature maintained until the reaction is complete. 

Another procedure is to take nickel formate and carbonate, and air-dried 
gelatinous aluminum hydrate or silicon hydrate, or both together, thoroughly 
incorporate these and put in a pressure vessel with a quantity of fat or oil, 
agitate and heat the mass to a temperature of approximately 235® to 250® C. 
until the reaction is complete. 

Higgins * notes that in order to prepare a catalytic body from 
fatty acid salts of nickel and cobalt it is not necessary to treat them 
with hydrogen but that it is sufficient to mix the salt with a fatty 
oil, and to heat the mixture, to produce a substance possessing cata- 
lytic properties. Thus the fatty acid salts of nickel, cobalt, iron or 

♦British Patent Nos. 21,041 and 23,873, 1913. J. S. C. I., 1916, 1122; Chem. Abs., 
1917, 219; British Patent No. 29, Sept. 17, 1913; Chem. Abs., 1917, 105; see also Brit- 
ish Patent No. 4,144 of 1913; Holland Patent No. 2,322, Feb. 15, 1918 to Wimmer and 
Higgins. 
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copper may be heated in a protective neutral or inert medium such 
as a fatty body or oil. 

The reaction may be carried out by merely mixing the organic metal salt with 
the medium or fatty body and while heating the mass, submitting it to sufficient 
mechanical mixing to maintain it at a uniform temperature throughout. With 
such treatment the mass blackens and the degree of this blackening may be 
taken as a guide as to the extent to which the catalytic body is produced. The 
temperatures required will be determined accordingly, being varied according to 
the salt used, the lowest temperature at which treatment can be conveniently 
carried out being best. As the temperatures are relatively high (from 200° to 
260° C.) it is recommended to perform the reaction in a vessel from which air is 
excluded thus preventing undesirable oxidation of the fatty body. By passing 
through the mixture a stream of indifferent gas, such as carbon dioxide or nitrogen, 
contact with air is avoided. Mechanical stirring may be employed in such cases 
but if the stream of indifferent gas be sufficiently rapid this is not necessary. 

In heating the reaction mass, it is desirable to use an oil bath, as the devel- 
opment of local superheating may produce side reactions, tending to diminish 
the activity of the catalytic mass.* 

On passing hydrogen through nickel formate and gelatin in glycerine, at 200 
to 210° C, colloidal nickel is obtained.* 

A volatile organic acid of the nature of formic acid has been 
found by Higgins f to accelerate catalysis. The formic acid may 
be used as a liquid or in the state of vapor. It may be sprayed 
into the substance to be treated or into the vessel in which the. 
process is conducted or carried into the reaction mass in vapor 
form in the hydrogen employed, the object in each case being to 
insure that catalysis may take place in the presence of the free vola- 
tile organic acid. By the action of formates and similar compounds 
reduction is effected, without heating under pressure. For example, 
cottonseed oil may be reduced by heating at 210° C. with 60 per cent 
of its weight of nickel formate, air being' excluded.! 

. The oxalates, tartrates and acetates of nickel and iron are men- 
tioned as catalyzer raw materials in the preparation of a catalytic 
body used by Valpy and Lucas § in the cracking of hydrocarbon oils. 

Finely-divided copper prepared by reduction of copper salts, such 
as the nitrate or carbonate or organic salts which, on heating, 
evolve indifferent gases, e.g., copper formate or oxalate, is used for 
the reduction of nitro compounds. These salts may be heated alone 
or with ammonium carbonate and when necessary, a reducing gas — 

♦ Kelber, J. Ind. Eng. Chem., 1918, 396. 

t U. S. PjAtent No. 1,211,704, January 9, 1917. 

t British Patent No. 4,665, Feb. 23, 1914; J. S. C. I., 1916, 317; sec also British Patent 
No. 23,377; of 1912; J. S. C. I., 1913, 989. 

§ British Patent No, 6847, March 7, 1914. 
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hydrogen or carbon monoxide — is passed over the catalyzer raw 
material at a temperature below red heat to form the metal. The 
copper may be supported on a pumice, asbestos, kieselguhr or other 
carrier. 

Activators for the copper catalyst are recommended. Alkali 
compounds, magnesia and alumina are effective. When employing 
copper formate, no treatment with a reducing gas is necessary. 
Reduction is best carried out at about 300° C. In some cases copper 
oxide is formed as an intermediate compound. An excessive tem- 
perature gives a catalyzer which deteriorates too rapidly in use. 

This form of catalyzer affords good results in the reduction of 
aromatic nitro compounds at temperatures around 200° C. yielding 
the corresponding amines in a satisfactory state of purity. The 
contact material remains active indefinitely.* 

Richardson f aims to prepare active catalytic metal, or compounds, 
at a comparatively low temperature and in a colloidal condition or 
in a fine state of suspension approaching the colloidal condition, in 
oils or fats. 

In order to bring about this result he uses a salt or compound of the desired 
rnetal, which may be copper, cobalt, nickel, or iron, selecting a salt which is 
soluble in oil or fat, and dissolves it in the oil or fat, using heat if necessary. 
In order to reduce the active metal from the solution so obtained, a reducing 
substance such as hydrogen is applied and reduction in the cold or by means 
of heat and under ordinary atmospheric pressure or higher pressures, is brought 
about. As suitable oil-soluble metallic salts for the purpose, the metallic salts 
of the fatty acids are recommended. 

The fat or oil in which the reduction with production of active catalyst is 
to be brought about is placed in a suitable vessel and to it is added from 1 
to 50 per cent of a metallic soap or a metallic salt of one of the higher fatty 
acids, for example, nickel oleate, which is dissolved by means of heat. A suit- 
able reducing agent, which may be hydrogen, under pressure or not, is intro- 
duced and solution and reducing agent are thoroughly intennixed by agitation. 
At the end of the operation, the nickel or other metal is obtained in a colloidal 
highly active condition or in a state of extremely fine subdivision approaching 
the colloidal condition, and can then be used to bring about many chemical 
reactions such as the addition of hydrogen to unsaturated fatty acids and fats. 
In or after reducing the nickel soap with . hydrogen, the hydrogen also tends to 
saturate the oil. 

According to Hausamann t the effective hydrogenation of uiisat- 
urated substances is obtained by the use of a basic compound of a 
suitable metal (for example, copper, nickel, cobalt, and other non- 

♦ Zeitsch. angew. Chera. Referat., 1916, 212; German Patent No. 282,568. 

t U. S. Patent No. 1,151,718, August 31, 1915. 

t U. S. Patent No. 1,145,480, July 6, 1915, Canada, 157,396, August 18, 1914. 
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noble metals), with a fatty acid soluble in the fatty compound to be 
treated, such, for example, as oleic, stearic, or like acid. 

These metallic soaps dissolve in the melted fats or oils, and, on passing hydro- 
gen through the mixture (at a temperature between 100° and 180° C.) a colloidal 
metallic hydride is formed that is regarded as the active agent in the reducing or 
hydrogenating reaction. The hydride exists in the mixture as long as there is 
free hydrogen present. 8mall additions of such a metallic soap are sufficient 
to reduce large quantities of the unsaturated materials. The same fatty adids 
as exist (usually as glycerides) in the compounds to be treated are preferably 
employed to form the basic m(‘tallic compound used for catalysis. The conversion 
of the basic metallic comi)ound into an active catalyzer, when dissolved in the 
fatty material, takes place gradually in the hydrogen atmosphere at- temperature 
above 100° C. and a higher temperature of from 160° to 180° C. is recommended 
in practice. At this temperature copper or other hydride is obtained in colloidal 
condition. 

As an example of the proce.ss the following may be taken: 500 parts by weight 
of raw soya-bean oil are mixed with 0.4 per cent of the basic oleate of nickel: 

Ni(()H)C nlldh 

and the mixture is exposed at about 160° C. to the acition of hydrogen by any 
of the well-known methods until the desired degree of hardening is attained. 

In using a basic oleate of copper 

Cu(OII)C.Ji, 30 o, 

dissolved in the fat and uniformly distribufed throughout the whole mass, the 
compound is acted upon by hydrogen with the fonnation of water and the mass 
becomes dark brown. At this stage the freed hydroxyl group probably plays a 
part in the formation of a copper hydride. By alternate formation and decom- 
position of this colloidal copper hydride the hydrogen is rendered active, con- 
verting the unsaturated fatty compounds into saturated, for instance the oleic 
acid into stearic acid. Analogous reactions occur with the various metallic com- 
pounds which may be employed in accordance with this invention. In no case is 
the metal itself produced or its oxide, as in some of the prior processes, except 
at the end of the reaction, when free hydrogen is eliminated to gradually decom- 
pose the hydride. 

The reactions which occur may be given approximately by the following equa- 
tions: 

. Formation of the primary catalyst 
Cu(OH)2-fCH3— 7(CH2)— CH— CH— 7(CH2)— COOH 

» CH3™7(CHa)--CH:==GH~-7(CH2)-~COO • CuOH -f HjOi. 

that is, basic copper oleate. 

The reaction of this oleate with hydrogen 
2(CH8~7(CH2)--CH--=-CH--7(CIl2)-~COO • CuOH) 

«2(CHr-7(CH2)--CH=CH— 7(CH2)— COOH)-hCu 2 H 2 +Hx-® 

-h2H20* CH,— 7(CH2)-~€H— CH— 7(CH2)--C00H-H2H20 +Hx~,. 
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The resulting i)roducts are 

CHa— 7(CH2)— CH2— CIL— 7(CH2)— COOII+CU2H2+2H2O+HX-8. 

A process for converting unsaturated fatty acids into saturated 
compounds similar to the foregoing is described by Mellersch- 

Jackson * according to which a basic heavy metal salt of* a fatty 

acid of high molecular weight is dissolved in, or intimately mixed 
with, the substance to be treated, and the material hydrogenated 

between 100° and 180° C. Basic oleates of nickel and copper are 

mentioned, t 

A catalyzer is prepared by Thieme and Geitel t by heating a mix- 
ture of nickel nitrate and an organic salt of nickel. The latter may 
be prepared by the moderate oxidation of glycerine with nitric acid 
and subsequent neutralization with nickel carbonate. The compounds 
of other metals also may be used. 

They observe § (hat the property of emulsifying ” possessed by (his form of 
catalyzes pcrniils the employment of a very simple aj^paratus and hydrogenation 
is effected at low (einpcraturcs. (140® to 150°.) The process is stated to pos- 
sess the advantage over former methods in that a metal oxide catalyzer or a 
metal catalyzer can be produced directly, so that a reduction of the catalyzer 
in a current of hydrogen is not necessary. Pure nickel glycerale need not be 
used, as a mixture of nickel salts can be used which is obtained by moderate oxi- 
dation of glycerol and subsequent neutralization with nickel carbonate. For 
exam])le, 3 parts of glycerine of 33 jx'r cent strength arc mixed with 2.5 jiarts 
of 02 per cent nitric acid. Some potassium nitrite solution is added as cata- 
lyzer. The mixture is allowed to stand for three to four days at a temperature 
of 25° tx) 30°. The solution is then heated to 90° and after cooling, water is 
added until the original weight is regained; 1 cc. of the solution must then 
neutralize 40 to 42 cc. 0.1 N alkali. The product of the reaction is then neu- 
tralized with nickel carbonate. For the production of a metal catalyzer 0.6 
parts Ni(N02)2*6H20 is added, together with a pulverulent inorganic substance, 
e.g., pumice stone or clay, and the product is evaporated to dryness and decom- 
posed by heating with exclusion of air. To obtain the oxide catalyzer, 3 parts 
of Ni(N03)26H20 are added, and the mass is evaporated to a syrupy consistence 
and decomposed by heating. 

The application of nickel oleate in hydrogenating oils, as described 
by Ellis II involves, in one form, the thermal decomposition of the 
oleate in an oily vehicle. Beside nickel oleate any suitable metallo- 
organic compound, especially one soluble in oil and consisting of a 

♦ British Patent No. 21,477, September 23, 1913. 

t J. Ind. Eng. Chera., 1915, 459. 

t Seifen. Ztg., 1915, 478. 

§ German Patent No. 292,894, December 3, 1913; Chem. Abs., 1917’, 1530; J. S. C. 
I., 1916, 932. 

II U. S. Patent No. 1,217,118, February 20, 1917. 
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metal united to a weak orp;anie acid may be used as a source of 
catalytic material.* 

By heating these metallo-organic compounds decomposition occurs setting free 
the catalytic material in a state of extreme subdivision and sometimes forming 
a colloidal solution. When the catalyzer has been prepared in this manner, 
it is admixed with the oil that is to be hydrogenated and hydrogen is introduced. 
In those cases where the metallic catalyzer tends to dissolve in an acid fatty 
body to form a metallic soap, the temperature during hydrogenation may be 
maintained at a point above that at which the soap is unable to exist, or if 
previously formed may be decomposed. A temperature of about 10 degrees 
above the decomposition point is recommended. 

Details of preparation of catalyzers by the thermal decomposition 
of nickel oleate or other organic compound of nickel are indicated by 
Ellis. t A catalyzer may be made by the reduction of nickel acetate 
in hydrogen, t A mixture of nickel format(‘ and nitrate wh(m heat('d 
gives catalytic nickel material. § Ellis propose' to make a catalyzer 
concentrate by d(‘coniposing in oil, an excess of a dc’composable com- 
pound of nickel. II Nickel carbonyl may be used in this case. 

In the hydrogenation of oils with colloidal nickel catalyzers, Ellis 
recommends that especial can^ be taken to fr(‘e the hydrogen gas 
employed, from chlorine.il 

A catalyzer for hydrogenating oils is prepared by the Bremen-Besigheimer 
Oelfabriken,** by impregnating kicselguhr or asbestos with a solution of nickel 
acetate, adding a limited quantity of oil and heating in a vacuum at a temperature 
between 150 to 200° C. Finally hydrogen is passed through the mixture 

Catalysts such as finely divided reduced nickel, cobalt, manganese, copper, etc., 
for hardening fats are prepared by Soc. de Stearinerie et Savonnerie de Lyon and 
Berthon,tt from metallic oxides by reduction at about 250° C. in a neutral liquid 
medium such as paraffin, vaselin or heavy petroleum oil with the addition of 0.25 
to 0.5 per cent of stearic acid. The material is placed in vertical tubes and heated 
to about 250° C. The metallic oxide is then added and hydrogen is injected. Per- 
forated plates arc arranged in the tubes. The catalytic metal is obtained after 
about 2.5 to 3 hours and the liquid medium is separated by centrifuging. 

♦Patent No. 1,217,118 was involved in an interference with the Wimmer and 
Higgins Patent No. 1,081,182 described on pages 47-8 and priority was awarded to 
Fdl's for this use of organic compounds of nickel in the hydrogenation process. In 
an interference with Hausamann, priority was also to awarded Ellis and the applica- 
tion on which Letters Patent No. 1,145,480 was issued to Hausamann July 0, 1915, 
was involved in a like interference. 

tU. S. Patent No. 1,251,201, Dec. 25, 1917. 

tEllts U. S. Patent No. 1,251,203, Dec. 25, 1917. 

§TJ S. Patent No. 1,251,204, Dec. 25, 1917, to Ellis. 

II U. S. Patent No.T,251,202, Dec, 25 1917. 

If U. S. Patent No. 1,184,086, May 23, 1916. 

** German Patent 304,043, August 18, 1912. 

ft British Patent 107,004, May 19, 1917 and 107,969, June 25, 1917; J. S. C. I., 1918, 

AQ1 A A ' / 



CHAPTER VIII 


THE BASE METALS AS CATALYZERS.— Continued 

Notes on Nickel Oxide Catalyzers 

Bedford and Erdmann* assert that metallic oxides ran be pro- 
duced in an extremely finely-divided and voluminous form by pre- 
paring a concentrated aqueous solution of a nitrate, mixing the same 
with an organic compound which is soluble in water and rich in 
carbon and subsequently decomposing by heat. A strong evolu- 
tion of gas takes place during the combustion of the organic sub- 
stance with the nitrate and the metallic oxide swells up to a large 
volume, assuming the form of a dust, while the whole of the carbon 
present in the organic compound is removed by the combustion. 
On reducing with hydrogen at 200° to 300°, the metallic oxides 
prepared according to this method can l)e converted into the corre- 
sponding voluminous and catalytically active metals. 

Example: Nitric acid of specific gravity of 1.42 is diluted with an 
equal volume of water and to the diluted acid pure metallic nickel 
is added. When the resulting reaction is completed, the whole is 
heated to boiling for about two hours in the presence of an excess 
of nickel in order to neutralize completely the nitric acid present 
and to precipitate any iron which may occur as hydrated oxide of 
iron. The clarified nickel nitrate solution is evaporated until its 
specific gravity is 1.6 and for each liter of this liquid (corresponding 
to 250 g. of nickel) are stirred in 180 g. of powdered cane sugar. 
This solution is run in portions into a muffle of any suitable con- 
struction heated to a dull red heat and the heating of each portion is 
continued until no more fumes . escape. The voluminous nickel 
oxide thus formed is removed from the muffle by means of a scraper 
and a fresh portion of the solution run in. 

By means of the process, cobalt oxide, iron oxide and other oxides 
of the heavy metals which may be used for catalytic purposes, can 
be produced in a light voluminous and catalytically active form and 
are well adapted both in the form of oxide and in the form of metal 

♦ U. S. Patent No. 1,200,696, October 10, 1916. 
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as catalytic material for adding hydrogen to unsaturated organic 
compounds. Other forms of sugar, or starch, dextrin, gum arabic 
or tartaric acid may be used in place of cane sugar. 

Normann * states that up to the present time there is no positive proof of 
the existence of nickel suboxidc in catalytic nickel material. The reaction of the 
reduced cS,talytic substance with phosphomolybdic acid as employed by Erdmann 
is by no means a specific test for nickel suboxide but is exhibited by many 
reduced bodies such as finely-divided metallic nickel. The method of testing 
electrical conductivity used by Erdmann is not proof of the absence of metallic 
nickel f. Erdmann’s contention that the blackening and fine distribution of 
the catalyzer in oil when under initial reducing conditions indicates the prescnc;e 
of suboxidc of nickel is regarded as groundless. Finely-divided metallic nickel 
is black and it is known that nickel carl)onyl when decomposed in oil yields an 
inky black liquid. Normann very pointedly observes that he might just as well 
claim the blackening was a “ proof ” of the formation of metallic nickel as of 
the suboxide. 

The failure of Bedford and Erdmann to observe the formation of 
metallic nickel when employing the oxide is due to erronc^ous methods 
of examination, according to Normann and Pungs.| It is, of course, 
of importance to the further development of the hydrogenation 
process to settle the question whether the metal or its oxide is the 
real hydrogen carrier, Normann and Pungs endeavored to find a 
reliable method of determining metallic nickel and investigated the 
products obtained with nickel oxide, the carbonate, also the formate 
and other organic salts of nickel. The results obtained with nickel 
oxide likewise apply to these nickel salts. 

For the experimental work 300 cc. round-bottomed flasks having a gas inlet 
tube at the bottom were used. The bulk of the flask was almost completely 
immersed in an oil bath heated to 255° C. Various fatty oils were hydrogenated, 
including olive, linseed, sesame, whale and refined cotton oil which had been 
blown with superheated steam under diminished pressure. The kind of oil 
employed made no difference as regards the formation of metallic nickel; 100 g. 
of oil were heated in the flask to 200° C. and hydrogen at the rate of 2 liters 
per minute were passed through the oil, thereby causing brisk agitation. One 
gram of nickel oxide was then added and the temperature raised to 255° C. 
Small samples were withdrawn from time to time and the melting-point deter- 
mined. When a melting-point of 45° C. was reached, which usually required 
two to three hours time, the nickel material was collected and tested for the 
presence of the free met-al. Both pure and technical nickel oxide were examined 
and the different grades of the oxide were found to be more or less efficient in 
hardening oil and substantially alike as regards the formation of free nickel. 

Determination of Electrical Conductivity. The terminals of a small dry bat- 
tery were connected, each to a metal plate, so that the circuit would be closed on 
* Seifen. Ztg., 1915, 47 and 191. 

t See Normann and Pungs, Chem. Ztg., 1915, No. 6 and 7/8. 
t Chem. Ztg., 1915, 29, 
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contact of the two metal plates. In the circuit was placed a galvanometer or an 
electric bell. A sheet of mica with an opening 1 centimeter square was placed 
between the plates, thereby insulating them. In testing conduct vity a small 
amount of the powder was placed in the square opening, in contact with a metal 
plate and the second plate pre.ssed on to the mass. The deflection of the gal- 
vanometer indicates the relative conductivity and when high, enough current 
may pass to ring the bell. Lack of deflection of the galvanometer is* however, 
no indication of the absence of metallic nickel. A catalyzer used by the Oel- 
werke Germania of Emmerich and prepared by reduction with hydrogen of 
nickel material supported on an inorganic non-conducting pulverulent carrier 
did not prove to be a conductor. When nickel oxide is used for oil hardening, 
and the resulting black powder separated by deposition and washing with ben- 
zol, in some cases the used catalyzer conducts electricity, while in other cases it 
does not exhibit this property. Doubtless the conductivity is dependent on the 
actual rnetal content of the powder. It is conceivable that each particle of 
nickel oxide is not at onc.e fully reduced to the metallic state but that super- 
ficial reduction first occurs and by continued contact with hydrogen, the con- 
tent of free metal increases. The dependence of the degree of conductivity on 
the duration of exposure to hydrogen and consequent variation in metal content 
is shown in the tables below. The percimtagc of nickel is calculated on the 
amount of hydrogen liberated by dilute sulphuric acid. 


CONDUCTIVITY OF REDUCED NICKEL OXIDE 
Kaiilbaum’s Nickel Oxide in Cottonseed Oil 


Time of Hardening 

Total Nickel in 
U.Hcd Catalyzer 

Free Nickel in | 
U8<?d Catalyzer. 

1 

Iodine No. 
of the 

Hardened Fat. 

Conductivity. 

Two hours . 

79 4 

12 7 

63 

none 

Two hours, fifty minutes. 

85.2 

41 2 

21.2 

good 

Fmir ImuT's 



9.7 

good 

Seven hours 

88,1 

53.0 

3.85 

good 


Thus it appears that the conductivity becomes manifest between 12 p6r cent 
and 41 per cent of free nickel. The nickel content of the above-mentioned 
commercial catalyzer (Oelwerke Gennania) of a non-conducting nature lies 
between these limits. 

Linseed oil was used in the 1 per cent nickel oxide tests, and in all the others 
cottonseed oil was employed. 

By a magnetic method of separation similar to that used by Erdmann * who 
obtained negative results, Normann and Bungs succeeded in isolating the better 
conducting portions of catalytic material having a low content of free nickel. 
The oil and catalyzer mixture after treatment with hydrogen, was cooled to 
140° C. and a strong electro-magnet moved about in the oil thus attracting the 
nickel particles which were removed and washed with benzol. The nickel 
material was collected with the magnet and introduced into fresh benzol and the 
operation repeated several times. A fractionation of metallic nickel from nickel 

* Journ. Prakt. Chem,, 1913, 437. 
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oxide, although the latter is somewhat magnetic, is thus obtained. The nickel 
powder is well washed with ether and dried in a drying oven. It is then ready 
for a conductivity determination. 


CONDUCTIVITY OF REDUCED NICKEL COMPOUNDS. 


CuialyztT Mutcrial 


Nickel oxide, ^ per cent Kahibaum 


Nickel oxide, 1 per cent Kahibaum. 

Nickel oxide, Merck 

Nickel carbonate 

Nickel hydroxide 

Nickel formate, 5 per cent 

Nickel formate, 3 per cent 

Nickel formate, 1 per cent 


Melting-point of 
RcBultinR Fat 

Conductivity. 

28 

none 

32 2 

none 

45.6 

good 

53 6 

good 

liquid 

none 

salve-like 

HOIK' 

27. 

good 

46 2 

good 

45 5 

good 

49 8 

noticeable 

45 9 

noticeable 


good 

45.5 

good 


good 


The powder is pressed between the metallic plates preferably gently rub])ing 
to secure good contact. Too violent rubbing tends to reduce conductivity, 
which is explained on the supposition that the particles by i)artial reduction 
acquire a skin of metallic nickel and these particles show metallic conductivity. 
If crushed, a mixture of conducting and non-conducting material is produced 
and the latter obstructs the flow of the current. 

Extremely fine metal powders conduct electricity poorly or not at all. Nor- 
mann and Pungs frequently observed a lack of conductivity in products which 
were prepared under conditions inevitably yielding a substantial proportion of 
free metal, and which, indeed, afforded a positive test for nickel by the car- 
bonyl reaction. This was noted particularly when using nickel carbonate. On 
bringing a magnet near a mass of warm fat containing the products of the action 
of hydrogen on the carbonate, no particles were attracted, but a peculiar light 
reflex was noted which changed as the magnet was moved about, showing mag- 
netic orientation of the suspended particles. On microscopic examination, these 
supposedly granular particles were found to be rod shaped. Evidently these 
minute rods became magnetically polarized and changed position in the oil to 
accord with the pole of the magnetic source presented. The product was allowed 
to stand in oil overnight and the following morning it \vas treated with hydro- 
gen for one-half hour at 200° C. Then it was found that the fine particles had 
formed into aggregates which were easily attracted by the magnet and conducted 
electricity. 

A qualitative test of conductivity was not deemed sufficient proof of the 
presence of free metal, as metallic oxides, such as nickel oxide, even when per- 
fectly dry, show a slight degree of conductivity. By strongly rubbing nickel 
ojdde between the pole plates a considerable deflection of the galvanometer 
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frequently was noted. Metallic oxides appear to contain particles of relatively 
good conductivity which contact on rubbing and provide conducting zones. 
Normann and Fungs made a number of determinations of electrical resistance 
with the Wheatstone bridge on various oxides, before and after employment in 
the hardening process. A centimeter square opening in a mica plate between 
two metal plates was used in these as in the preceding determinations. 

MEASUREMENTS OF RESISTANCE IN OHMS 


Nickrl Oxide (ic). 
Kahlbaum. 

Nickel Oxide (oua) 
Kaiiluaum. 

1 Nickel Oxide 

Mekck 

Nickel 
Carbonate 
After Fat 
HardeninR. 

Before 

.After 

Before 

After 

liefore 

After. 

8000 

2 1 

over 

3 

over 

15 

1 

8500 

2 5 

50,000 

1.5 

50,000 

18 


900 

20. 


100 


100 


9000 

70. 

30. 

0.7 

0.8 


90 

20 

15 

16 


10 



These measurements show a decided difference in conductivity before and 
after fat hardening. 

Bedford and Erdmann have referred to a suboxide of nickel reported by Moore * 
in support of the contention that the suboxide is formed in the hydrogenation 
process. Normann and Fungs prepared a suboxide according to Moore’s pro- 
cedure and found it lacking in conductivity. However, after using this com- 
pound for oil hardening the conductivity was excellent indicating reduction to 
the metallic state. 

Analytical Determination of Free Nickel. The analytical determination returns 
a higher content of nickel than the conductivity indicates, and invariably more 
nickel is found than would correspond to the suboxide formula. The following 
examination was made: 

1. Two hundred and fifty grams of olive oil were hardened at 250® C. using 
2.5 g. of nickel oxide prepared from the nitrate. The fat melted at 55.2° C. 
and possessed an iodine number of 31. The catalyzer was allowed to settle 
and was repeatedly washed with benzine and benzol. The last portions of the 
solvent were removed with carbon dioxide. To remove occluded hydrogen the 
catalyzer was exposed for one hour to a vacuum of 1 mm. mercury. The nickel 
product was treated with sulphuric acid and the evolved hydrogen measured. 
Some fatty material separated when the acid was added and correction was 
made for this. 


Weight of substance taken 0.2313 g. 

Fat separated 0.1204 

Fat free catalyzer 0.1109 g. 


• Chem. News, 1893, 68, 295; 1895, 71, 81. 
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With sulphuric acid, 36.4 cc. of hydrogen at 23® C. and 756 mm. were evolved 
corresponding to a content of 77.4 per cent free nickel. If the formula of the 
Buboxide is regarded as NiaO and there action as Ni30+3H2S04=3NiS04+H20 
■ 4 - 2 H 2 then the hydrogen actually found represents a content of 125 per cent 
nickel suboxide or 114.6 per cent total nickel. If the formula of the suboxide is 
considered as Ni 20 * the results calculated on the hydrogen gas evolved would be 
173.5 per 'cent NiO and 152.7 per cent total nickel, all of which figures are, of 
course, impossible. 

2. One hundred grams edible sesame oil were hardened with nickel oxide 
(ous) Kahlbaum at a temperature of about 255® C. to a melting-point of 48.1° C. 
The catalyzer was dissolved in sulphuric acid, the hydrogen measured and the 
total nickel determined electrolytically. Results: 0.1706 total nickel, 62.1 cc. 
hydrogen at 26° C. and 774 mm. corresponding to 86,5 per cent of nickel. If 
figured as NijO the nickel content would be 128.7 per cent. 

3. Five hundred grams sesame oil were hardened with 5 g. nickel oxide (ous) 
Kahlbaum to a melting-point of 52° C. The catalyzer was removed by means 
of a magnet. On treatment with sulphuric acid some fatty matter and green 
nickel oxide remained undissolved. The hydrogen evolved corresponded to 
76.8 per cent nickel but if a suboxide NisO were assum.ed to be responsible for 
this amount of hydrogen, 124.6 per cent of the suboxide would be required. 

4. Five hundred grams of seasme oil were hardened to a m.elting-point of 53.5, 
using 5 g. nickel oxide (ous) Kahlbaum and the catalyzer treated as in deter- 
mination No. 3. The hydrogen given off was equivalent to 71.4 per cent nickel. 
Correction was made for undissolved nickel oxide and fatty residue. Calculated 
to NbO, the percentage of the latter would be 115.6. Normann and Pungs 
consider these determinations to fully establish the fact of formation of metallic 
nickel in all cases, even if it be assumed that some suboxide is formed. They 
find, however, no basis for such an assumption. 

The Nickel Carbonyl Test for Metallic Nickel. In testing nickeliferous cata- 
lyzers for free nickel by the carbonyl reaction Normann and Pungs f note that 
certain precautions must be observed. The greatest care should be taken to 
have the carbon monoxide employed very pure and thoroughly dry. Normann 
and Pungs prepared the monoxide by allowing concentrated formic acid to drop 
into concentrated sulphuric acid heated by a water-bath. The gas was dried 
by passage through sulphuric acid and then over soda lime and solid caustic 
soda. 

The carbonyl reaction is extraordinarily sensitive to the presence of air. 
Simply by pouring the hardened fat and catalyzer from one vessel to another, 
suffices to nullify the reaction. Accordingly, after hardening, the fat and catalyzer is 
cooled to 90® to 100® C. in a weak current of hydrogen. Then the vessel is placed 
in a water-bath at 90® to 92° C. and the hydrogen replaced by carbon monoxide. 
The gases leaving the reaction flask are passed through a hard glass tube which 
is heated at one point. Nickel carbonyl is decomposed and forms a mirror 
on the glass walls in the heated zone. To obtain good adherence of nickel the 
tube must be thoroughly clean. The separation of nickel is not quantitative. 
Some carbonyl escapes decomposition in the heating zone, as may be shown by 
igniting the issuing gas. The flame is colored yellow or if the amount of car- 

V 

♦Bellucci and Correlli, Z. anorg. Cherii., 1914, 88. 
t Chem. Ztg., 1915, 41. 



THE BASE METALS AS CATALYZERS 2oS 


bonyl is extremely minute the color is a pale blue, 
to secure a heavy nickel mirror. 


Only a few minutes suffice 


NICKEL CARBONYL REACTION ON CATALYZERS. 


Oil. 

Catalyzer. 

Melting- 
point of the 
Hardened 
Fat. 

Nickel 

Mirror. 

Cotton oil 

5 per cent basic nickel formate 

50.8 

marked 

Cotton oil 

5 per cent basic nickel formate 

51.2 

marked 

Cotton oil 

1 per cent nickel carbonate 

49.8 

marked 

Cotton oil 

2 per cent oxide (Erdmann) 

46.2 

marked 

Pure linseed oil 

2 per cent oxide (Erdmann) 

42.4 

marked 

Whale oil 

2 per cent oxide (Erdmann) 

46.8 

marked 

Linseed oil 

i per cent oxide (Kahlbaum) 

42.5 

marked 

Linseed oil 

2 per cent oxide (Merck) 

40.6 

marked 

Linseed oil 

f per cent oxide from nitrate 

40.6 

marked 

Linseed oil 

1 per cent oxide (Kahlbaum) 

40.2 

marked 


If hydrogenation is allowed to progress to a lesser degree, the mirror appears 
with the carbonyl test. For example, olive oil was hardened to a melting-point 
of only 17° C. and a positive test for nickel was olitained. If fat hardening is 
carried out at a temperature below that prescribed by Erdmann, or not over 
230° C., blackening of the green nickel oxide does not occur, the color changing 
only to a greyish green. The iodine number of olive oil, after 3^ hours hydro- 
genation under these conditions, fell but one or two units. The carbonyl test 
was positive although very weak. A blank test with the same nickel oxide in 
fresh oil and without treatment with hydrogen, maintained at 90° C., while 
carbon monoxide was passed through, showed that nickel oxide was not reduced 
by the monoxide under these conditions. 

Since Erdmann has suggested that the reduction of nickel oxide may be 
brought about by aldehydes contained in the oil, Normann and Pungs tested 
the reducing effect of formaldehyde and benzaldehyde, two of the most powerful 
reducing aldehydes. They heated a mixture of edible oil, aldehyde and nickel 
oxide on an oil bath at 225° C., without introducing hydrogen. No reduction 
of the oxide was noted; in one case, olive oil, benzaldehyde and green nickel 
oxide were heated to about 250° for four hours, using a reflux condenser; but no 
blackening of the oxide was perceptible. The likelihood of reduction by the alde- 
hydes of fatty oils, therefore, appears to be remote. 

In the table below the results of the carbonyl reaction at a temperature of 
50° C. are given when employing olive oil of iodine No. 82, freed from aldehydes 
by the silver nitrate method of Becchi, and hydrogenating at a temperature of 
250° C. in the first four tests and at 230° C. in the remaining tests. 

Thus, at 50° C. as well as at 90° C., the carbonyl reaction is obtained from 
catalyzer in oil. Even at 30° C. the carbonyl is slowly formed. At 30° C. the 
necessary contact of the monoxide with the relatively thick oil is difficult to 
bring about. 

An endeavor was made to make the carbonyl test a quantitative one. To 
this end, the glass tube in which the nickel carbonyl was decomposed, was filled 
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with fragments of porcelain and was heated in two or more places. It was then 
noted whether or not at the place of heating most remote from the point of 
entry of the carbonyl, any nickel was deposited. The exit gases were ignited 
and the color of the flame noted. It should be a pure blue. From 1 g. of 
catalyzer held at a temperature of 90° C. for four hours 0.05 g. of nickel were 
obtained. A second test conducted for four days gave 0.07 g. nickel. Even 
then the ' reaction had not been completed. Nickel carbonyl was still being 
formed in the oil. 

NICKEL CARBONYL FORMATION AT 60° C. 


Ctttulyzor. 

MeltinK- 
point 
of the 
Hard- 
ened 
Fat. 

Iodine 

No. 

Carbonyl Test. 

1 per cent nickel oxide (ic) Kahlbaum .... 

15.5 

68.4 

Heavy nickel mirror 

1 per cent nickel oxide (ic) Kahlbaum. . . . 

49.6 

37.1 

Heavy nickel mirror 

1 per cent nickel oxide (ous) 

27.0 

67.4 

Heavy nickel mirror 

1 per cent nickel oxide (ous) 

49.8 

38 0 

Heavy nickel mirror 

1 per cent nickel oxide (ous) Temp. 230°. . . 

Liquid 

78.0 

Distinct mirror 

1 per cent nickel oxide (ous) Temp. 230°. . . 

Liquid 

79.0 

Weak but distinct mirror 


If the residue of nickel in the oil is regarded as negligible, Normann and Pungs 
assume the hardening to have been carried out with a catalyzer consisting of 
about 7 per cent of metallic nickel on upwards of 90 per cent of nickel oxide 
serving as a carrier. The question then arose as to the possibility of so small a 
proportion of nickel effecting the degree of hydrogenation noted. Normann and 
Pungs regard the question as answered as a result of their practical experience. 
It is stated that a catalyzer of this composition, when carefully and skillfully 
prepared, gives good results not only in the laboratory but also on the large scale. 
From repeated use more nickel is likely to be reduced as a result of the con- 
tinued contact with hydrogen. 

A nickel-kieselguhr catalyzer was prepared by reduction at 450° to 600° C. 
at which temperature the existence of a suboXide is regarded as entirely excluded. 
The content of free nickel, calculated from a determination of the volume of 
hydrogen evolved by sulphuric acid was 4.2 per cent. By the addition of only 
1 per cent of this catalyzer to refined sesame oil, the melting-point was raised 
to 46° C. on hydrogenating for one hour. Normann and Pungs do not record 
the amount of nickel computed from the mixing formula of this catalyzer so 
that it does not appear whether or not this calculated proportion checks with the 
result of the hydrogen evolution determination. 

In every instance, the catalyzer material, Which before hardening, did not 
contain free metal, after hardening, showed the presence of the metal, hence, 
irrespective of the question of formation of nickel suboxide or other assumed 
reduction product intermediate nickel oxide and the metal, it is concluded that 
fat hardening does not occur in the absence of the free metal and that some sub- 
stance other than the free metal is an active catalytic agent, as contended by 
Ei^mann, has not been proven. 
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Metallic Nickel vs. Nickel Oxide. In the discussion between 
Normann and Erdmann over nickel borate certain comments by the 
latter * * * § are of interest in spite of the controversial attitude of Erd- 
mann. He states: 

(1) Through mere heating of finely-divided, freshly-reduced nickel in oil with 
or without the presence of hydrogen an inky black liquid never is formed. 

Considering the conditions under which reduction of a higher oxide of nickel 
in oil takes place, nickel suboxide has at least an equal chance of forming as 
metallic nickel and it is logical to conclude that the suboxide is responsible for 
the black coloration. 

(2) Dark-colored suspensions of colloidal nickel may be obtained by electrical 
comminution of the metal in oil. When this suspended material is separated it 
is found to conduct electricity like a metal quite unlike nickel oxide suspensions. 

(3) As hydrogen carriers, such colloidal suspensions of metallic nickel are 
practically of no value. For this reason Shukoff's nickel carbonyl process t has 
not come into use. 

Erdmann then proceeds to criticize Normann’s view that the activity of a 
metallic catalyzer resides in an important measure in its degree of subdivision 
especially the statement by the latter that “For this reason, carriers for the 
metallic nickel have come into use. Thus, it is possible to prepare metallic 
catalyzers which are almost without activity, and again, others which have 
extraordinary efficiency.” Obviously, Erdmann states, the fine nickel powder 
obtained by reduction in a current of hydrogen as set forth in the Leprince and 
Siveke Patent No. 141,029 belongs to the first category— the almost inactive 
class. But whether the fine subdivision alone of the catalytic is responsible for 
its high degree of activity is a consideration which Erdmann declines to discuss. 

The greater activity of once used nickel oxide catalyzer as compared with the 
original oxide is due to the formation of metallic nickel, according to Oelwerke 
Germania, t By repeated use the oxide catalyzer operates satisfactorily at the 
same ternfMjrature as the free metal catalyzer and the high temperature of 250** 
required in tbe first instance is necessary, not for hardening, but for the forma- 
tion of free nickel. 

The manufacture of nickel oxide masses from granular nickel compound such 
as the carbonate, by igniting in a reducing gas atmosphere is described by 
Hoyer.§ For the production of the granular nickel compound pulverized nickel 
carbonate is moistened with water so that it bakes together, and after drying is 
cut into grains. These grains are rounded off, compacted and after drying, 
are reduced in illuminating gas. The ignition must not be too strong, sineg 
otherwise the grains become too hard. 

Paal and Bninjes state that sodium protalbinate and lysalbinate exert only a 
relatively slight protective action on sols of nickel hydrate and that it is impos- 
sible to obtain sols of high nickel hydrate content by their use. The prepara- 
tion of stable hydrosols containing 6 to 10 per cent nickel hydrate is described.|| 

* Seifon. Ztg., 1915, 288. 

f German Patent No. 241,823. 

$ Seifen. Ztg., 1914, 645. 

§ German Patent No. 277,743, July 17, 1913; Chem. Abs., 1915, 761. 

II Chem. Abs., 1914, 3275; Ber., 47, 2200-2. 
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Robsoo notes * that the use of nickel oxide as a catalyzer is defended by the 
Industria Saponica of Milan, which asserts that the use of metallic nickel can 
never achieve commercial importance. This curious pronouncement is made on 
two grounds. One is that the claim as to the effect of impurities in the oil upon 
the nickel is correct, as even if the hydrogen used is chemically pure, traces of 
albuminous bodies left in the oil by defective refining check the efficiency of 
the nickel materially, causing the action to be slow and giving a diminished out- 
put, with a largely increased amount of nickel. The other ground is that the 
activity of the metal is diminished seriously even if the fat to be hardened is 
pure, by the presence of impurities in the hydrogen, especially traces of chlorine 
or of sulphuretted hydrogen. 

For preparing a catalyzer for hydrogenation of oils and fats, the Suzuki-Shoten 
Co.f treats corn husks, sawdu.st, or insoluble organic substances rich in carbon with 
a mineral acid and works the mixture into a paste with nickel, iron or copper 
material. This paste is ignited to produce a porous carbon which retains metallic 
oxides in a highly active state. 

British Patent No. 29,981 of 1912 for An Improved Process for the Prei)ara- 
tion of Saturated Fatty Acids, their Glycerides and other Esters, issued to 
Bedford, Williams, Erdmann and Hydroil Limited, indicates that on further 
study of the process protected by British Patent No. 29,012 of 1910, it has been 
found that nickel suboxide is esf)ecially suitable as a reducing catalyst for the 
addition of hydrogen to unsaturated fatty acids or their glycerides. The patent- 
ees state that nickel suboxide is one of the lower oxides of nickel and its formula 
has not yet been definitely settled. Muller % and Glaser § ascribe to it the formula 
NbO, but Thomas Moore, who has more than anyone else examined this com- 
pound in detail, gives it the formula Ni;tO -21120. [| 

Although its formula is uncertain the suboxide possesses characteristic prop- 
erties. It is strongly magnetic, gives off hydrogen on treatment with dihite 
mineral acid, evolves nitric oxide fumes even in the cold. While it is distin- 
guished by these properties from all other nickel oxides it is sharply distin- 
guished from metallic nickel in that it possesses no electric conductivity, thus, if 
a pastille be pressed out of nickel suboxide, the polar ends of two wires be 
inserted therein and a source of electric energy at an E.M.F. of 24 volts be 
included in the circuit no current is indicated by a sensitive galvanometer in 
the circuit even when the wires are only separated from one another by a dis- 
.tance of 1 millimeter. 

It is further found that nickel suboxide is characterized by the property of 
giving colloidal solutions. The red solutions obtained according to Moore on 
reducing an aqueous solution of potassium nickel cyanide with sodium amalgam 
or zinc coated with copper or by means of an electric current contain the sub- 
oxide in colloidal solution. On allowing these red solutions to stand for some 
time, black nickel suboxide separates out in a flocculent mass. Oils in addition 
to water have the power of taking up the suboxide in a colloidal form. 

On heating nickel suboxide, prepared according to one of the methods de- 
scribed in literature, with a fat or fatty acid, the nickel suboxide distributes 

* Drugs, Oils and Paints, 1914, 211. 

t Japanese Patent 31,590, October 4, 1917; Clicm. Abs., 1918, 538, j 
t Poggendorf’s Annalen, 136, 1S69, 51. 
i Zeitschrift ftlr anorg. Chemie, 36, 18. 

II Chemical News, 7x, 1895, 81. 
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itself therein in an execedingly fine state of division to for;n a black, inky 
liquid which passes through any filter unchanged. 1'he same colloidal division 
takes place if a higher nickel oxide be susiM'nded in a faf.fy oil and reduced to 
nickel suboxide by means of a current of hydrogen. This iiroperty of colloidal 
distribution imparts to the nickel siiboxide to an extreme degree the power of 
adding hydrogen to unsaturated fatty acids and their glycerides in a manner 
similar to that in which the addition of hydrogen takes place by means of col- 
loidal platinum. 

In o])erating the process of British Patent No. 26,912, of 1910, nickel suboxide 
is statxHl to be formed to a certain extent when ordinary nickel oxide is em- 
ployed in the pro(;ess of hydrogenation. In the present case, however, nickel 
suboxide is first prepared and is then added to a quantity of the oil which is to 
be hydrog(‘nated. The advantage derived by this procedure resides in the lower 
temperat,ure at which the addition of hydrogen takes place. Thus, it is not 
necessary to heat the oil so strongly as when ordinary nickel oxides are employed. 

(A) Sesame oil is heated in a (loiipcr vessel with 1 per cent of nickel sub- 
oxide to 200° C., and a strong current of hydrogen is passed through the oil. 
The suboxide immediately forms with the oil an inky liquid and after a few 
hours the mass solidifies at 46° C. 

(B) Ordinary nickel oxide in as finely-divided condition as possible is heated 
w'ith ten times its weight of cotton oil to 260° C., and a strong current of hydro- 
gen passed through for one hour whereupon the greyish green oxide assumes a 
bla(!k color and distributes itself colloidally throughout the oil. The mass is 
allowed to cool somewhat and then run into 200 times its weight of cotton oil 
which is now hydrogenized at 185° C. After two hours the solidifying point of 
the mass is about 50° C. 

In the prosecution of the application from which IT. S. Patent No. 1,026,339, 
of May 14, 1912, to Bedford and Williams was derived, the statement appears 
that: 

It has never been known to hydrogenize unsaturated compounds with nickel 
oxide as a catalyzer at any other than very high pressures which render the 
firocesses unworkable as commercial processes as is evidenced by the following 
literal translation of a portion of a paper contrilmted by B. Fokin in the Journal of 
the Russian Chemical Society, 1910, page 1074. 

“ It has been found by V. I. Ipatiew that NbOa, when used for experiments at 
high temperatures and pressures, gives, as regards the velocity of the reaction 
of the hydrogenization of unsaturated compounds, a better effect than metallic 
nickel reduced from its oxide.* The participation of some of the lower forms 
of nickel oxide appeared to be very probable and to explain this unexpected 
circumstance. But if such explanation is suitable for very high pressures noth- 
ing similar is observed at pressures within the limits of ten to twenty atmos- 
pheres and at ordinary pressure. The nickel oxide becomes reduced to suboxide 
and there the matter ends. The hydrogenization of the unsaturated com- 
pounds does not take place here,” 

What is termed a semi-reduced hydrogenation catalyzer is detailed 
by Ellis, t the preparation of which is carried out by the careful 

♦ Method of Sabatier & Senderens. 
t U. S. Patent No. 1,150,480, November 9, 1915. 
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reduction of nickel oxide or hydrate to effect only partial reduction, 
ordinarily about one-half of the oxygen being removed, affording an 
intimate mixture of catalytic nickel combined with nickel oxide or 
certain of the suboxides. Besi(l(‘s hydrogen, other reducing gases or 
vapors, namely, water gas, carbon monoxide and the vapor of alco- 
hol, are mentioned. 

A catalytically active nickel black is produced by Boyce * by reducing 
nickel oxide with hydrogen. The action is stopped before complete 
reduction takes place, leaving a product which is predominately black. 

Boehringer & Sdhne f hydrogenate unsaturated substances in the 
presence of a suboxide of the nickel group as catalyst. The sub- 
stances arc treated when in solution or suspension in an alcohol 
instead of in water, t In examples, dihydroquinine is obtained by 
treating quinine hydrochloride in solution in methyl or ethyl alcohol 
in the presence of nickel suboxide, and cinnamylcocainc is hydro- 
genated when in solution in ethyl alcohol in the presence of the 
same suboxide. 

Meigen § defends his former assertion that it is metallic nickel 
which transfers hydrogen to oils and fats instead of some suboxidc 
of nickel as maintained by Erdmann and Bedford. jj 

New experiments are described, some in detail, on the hardening of sesame 
and soya-bean oils at 240° to 280°, using nickel oxides and at. 170° to 180° 
using reduced nickel as catalyzers. Results of tests for metallic nickel, evolution 
of hydrogen, electrical conductivity and formation of nickel carbonyl are given. 
Summary: (1) nickel oxide is an active catalyst only when free metal is present. 
(2) Erdmann's objections to Meigen’s former experiments are based on false 
assumptions. (3) The presence of free metal in used catalyzers is again proved. 
(4) Lack of electrical (ionductivity or absence of the carbonyl-reaction are not 
proof of the absence of free nickel, while positive results with these tests always 
prove its presence. (5) The sixjcific gravity of catalyzers depends essentially 
upon organic impurities and proves nothing as regards presence of nickel sub- 
oxide. (6) The assertion that suboxide or “ suboxide hydride " is formed, is not 
proved. 

The principal results of an investigation made by Frerichs ^ are 
summarized as follows: 

It is solely an assumption of Erdmann and his co-workers that reduction of 
nickel oxides in oil by means of hydrogen stops with the formation of a sub- 
oxide and that such suboxide acts as a hydrogen carrier. The existence of a 
nickel suboxide is held to be entirely problematical. Equally questionable arc 

♦Canadian Patent No. 171,436, Aug. 22, 1916; Chem. Abs., 1918, 749. 

t British Patent No. 21,948, November 3, 1914; Chem. Abs., 1916, 1407. 

t See British Patent No. 21,883, 1914; Chem. Abs., lo, 1081. 

5 J. prakt. Chem., 92, 390-411, 1915; Chem. Abs., 1916, 1106. 

II Chem. Abs., 9, 3136. 

^ Arch. Pham. 253 , 512, 1915; Chem. Abs., 10, 1441, 
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assumptions and assertions that hydrated nickel oxides arc formed, or that nickel 
compounds in general can act as hydrogen carriers. It has been demonstrated 
with certainty, not only through electrical conductivity but also with the car- 
bonyl test, that metallic nickel results during the hardening of fats through 
appliciition of nickel and other nickel compounds. Thus it has been shown that 
reduction of nickel oxide in oil by hydrogen does not stop at a suboxide but on 
the contrary progresses as in an ordinary dry reduction to the metal 'itself. It 
is certain that the inability on the part of Erdmann and co-workers to detect 
metallic nickel by means of electrical conductivity was in the main due to con- 
taminations of fatty acid salts of nickel and other products contained in the 
samples examined. Thus, Siegmund and Suida failed to detect electrically a 
content of at least 48 per cent nickel which according to their own analyses 
must have been present. Erdmann's explanation of the action of nickel oxides 
as given in a series of tests designed to be comparative cannot be regarded as a 
proof, since possibility for comparison is excluded under the varied conditions 
obtaining in metallic nickel reduced in oil and in the dry state. Frerichs further 
asserts that it must be regarded as proved that, in hardening fat by use of nickel 
oxide, the hydrogen carrier is in reality metallic nickel freed from its compounds by 
the cation of hydrogen, llie statement: '‘No hardening of fat without free 
metal " he believes is justified in view of the present state of the science and the 
exact experimentation which has been accomplished. 

As a proof that the lack of electrical conductivity does not neces- 
sarily indicate the absence of metallic nickel Normann * cites an 
experiment in jyhich a contact material prepared from purified 
kieselguhr with about 20 per cent of nickel, reduced for an hour at 
500° C. in hydrogen, showed no conductivity. On the other hand, 
the same kieselguhr mixed with 5 per cent of nickel, prepared by the 
reduction of nickel oxide at 280° C., showed pronounced conductivity. 

In answer to Erdmann’s assertion that the reduction of nickel oxide during 
hydrogenation was due to impurities in the oil, Normann describes an experi- 
ment in which 100 g. of synthetic triolein was mixed with 1 g. of pure nickel 
oxide and hydrogenated at 250° C. Within a few minutes a pronounced carbonyl 
reaction was obtained, and the mixture was strongly electrically conductive. 
Notwithstanding Erdmann’s hypothetical assertions, Normann repeats his con- 
clusion that without free metal there can be no hydrogenation of fats.f 

By the process of Lever Bros, t hydrogenation is effected, while the fats em- 
ployed are maintained in the liquid state, in the presence of catalyzers which 
are substantially suboxides of metals, especially nickel.^ 

The results of the studies of Erdmann and Bedford § on the cata- 
lytic action of nickel oxides has been criticized by Meigen and Bar- 
tels (see page 128), who have made the assertion, before the Natural 
Science Society in Freiburg-in-Breisgau || and later published the 

* J. S. C. I., 1916, 641; Chem. Ztg., 1916, 40. 381-383. 

t J. S. C. I., 1915, 237, 969; 1916. 262. 

t Swedish Patent No. 40,305, March 8, 1916; Chem. Abs., 1916, 1603. 

§ J. prakt. Chem., 1913 (2) 87, 425. 

II Report of the Natl. Sci. Soc. in Freiburg for the session of July 17, 1913. 
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statement * that nickel oxides yield bodies active as hydrogenating 
catalysts, only when reduction to the metallic state has taken place. 
Meigen and Bartels further asserted that the opinion brought for- 
ward by Erdmann and Bedford that a suboxide is formed during 
the reduction, is not confirmed. 

In a paper of considerable length f Erdmann endeavors to disprove the con- 
clusions of Meigen and Bartels. He first reviews the historical side of the hydro- 
genation prior to the work of Sabatier and Senderens. An impetus was given 
to the problem of oil hardening by the well-known work of Sabatier and Sen- 
derens, who recognized that finely-divided metallic nickel and several allied 
metals are active hydrogen conveyors. Erdmann regards the application of 
their method for fatty substances was natural, although not included within the 
range of their experiments. In 1902 the Ilerford Oil Works, Lcprince and 
Siveke (page 9) applied for a German patent based on Nonnann’s experi- 
ments, and Normann himself applied for an English patent for the conversion 
of unsaturated fatty acids or their glycerides into saturated compounds, em- 
ploying as a catalyzer finely-divided metals, particularly nickel. According to 
this patent specification, Normann makes use of the process of Sal)atier and 
Senderens of the passing of vapors over a contact metal, and also Saytzeff’s 
process of mixing the contact substance with the li(iuid for the particular case 
of the hydrogenation of unsaturated fatty s\ibstances. Erdmann has been 
informed by the applicants for the German patent, that the si)ecification was 
written on the strength of some test-tube experiments. The patent was grjintcd 
in 1903 t and such rights at least for six years existed on paper only, without 
being carried out on a large scale. In 1908 the Herford Oil Works oi)eratcd 
an experimental plant for hardening fats, but abandoned it, as the process was 
too incomplete and the product obtained was not entirely satisfactory. In 1908 
this firm sold its British and in 1910 its German patents to Crosfield & Sons 
in Warrington. In the factory of this English firm the catalytic process was 
developed, particularly by the work of Kayser. In 1911 the Dutch firm, Naara- 
looze Vernootschap Ant. Jurgens Vereenigde Fabrieken, acquired a license for 
the use of the process in Germany from Crosfie'ld & Sons, and founded the 
Germania Works at Emmcrich-on-the-Rhine. This plant was put into opera- 
tion in 1912, 91 years after the application for the German patent. 

In German Patent No. 266,438, Erdmann claims that he and his associates 
were the first to ascertain that unsaturated fats may be more easily hydrogenated 
by the aid of finely-divided nickel oxide, than by aid of the metal. At the time 
of this application, that is, almost seven years after the granting of the German 
patent for the nickel process, fatty oils were nowhere produced on a factory 
scale in Germany. When Meigen and Bartels state that merely the high price of 
technical hydrogen was the cause of the delay in the development of the Nor- 
mann process, Erdmann thinks it shows a remarkable lack of knowledge of 
electrochemical progress. From electrochemical factories as early even as 1902, 
many million cubic meters of hydrogen were allowed to escape into the air, 

* J. prajet. Chem., 1914 ( 2 ) 89 , 290. 

t J. prakt. CSiem., 91 , 469. 

} German Patent No. 141,029; British Patent No. 1515, 1903. In 1908, according 
to Erdmann, Normann sold his rights in the British Patent to Lcprince and Siveke 
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because no use was known for it. Thus, as early as 1900, Greisheim-Elektron 
had available in Greisheira, Bitterfeld and Ilheinfelden together about 11,500 
H.P. for the electrolysis of alkali chlorides. For the conditions then existing 
this corresponds to an annual production of 21,850 metric tons of caustic potash 
(or 16,100 metric tons of caustic soda) accompanied by the loss of about 4,500,- 
000 cubic meters of hydrogen. There were soon added the great works of the 
Badische Co., with 8000 H.P., then the German Solvay Works, the Hoechst 
Dyestuff Works and various other factories. Erdmann thinks that this hydro- 
gen would have been cheaply furnished for the hardening of oil, if the process 
had been technically ready. 

Experimental Work by Erdmann 

Hydrogenation by Means of Nickel Oxide and Metallic Nickel. If 1 kilogram 
of cottonseed oil is heated to 250® C. with 5 g. of nickel oxide produced by 
moderate ignition of nickel nitrate, while passing a current of pure hydrogen 
gas at the rate of 20 to 25 liters per minute through the liquid, after one-half 
hour the liquid beiiomes black like ink. After two or three hours, if the mixture 
is allowed to cool, tiie mass solidifies to a solid in which the catalyst is sus- 
pended. For cottonseed oil, hydrogenation takes place even at 220°, for oleic 
acid, at 180° to 185° C. 

A comparative experiment made with 5 g. of a nickel oxide, reduced by Saba- 
tier’s method at 280° to 300° C. for one hour in a current of hydrogen, with 
repeated agitation and the reduced material added to preheated cottonseed oil 
(1 kg.) on treatment with hydrogen in the same way as in the first experiment, 
affords no fine division of the nickel. The liquid does not become inky black, 
and on shutting off the current of hydrogen, the nickel powder settles rapidlv. 
Even after passing in hydrogen for many hours, the oil does not become solid. 
With I per cent of nickel no hydrogenation takes place, unless the nickel is 
converted into finest state of subdivision possible by special methods. 

Two experiments with linseed oil are noted. Nickel oxide used in both 
experiments, was of a voluminous character and was produced by the process of 
German Patent No. 260,009, of December 19, 1911, by allowing a concentrated 
nickel nitrate and sugar solution to drop into a glowing muffle. This catalyst 
is referred to as nickel oxide (vol.): 

(a) Two hundred and fifty grams of the linseed oil were mixed with 1.25 g. 
of nickel oxide (vol.) and hydrogenated at 255° to 260° C. (5) 1.25 g. nickel 
oxide (vol.) were reduced for one hour at 270° C., then added to 250 g. of the 
linseed oil and hydrogen was passed through for several hours at 255° to 260° C. 


Time in 
Hours. 

Tempera- 

ture. 

Solidification Point. 

a 

b 

1 

260° C. 

Beginning of hardening, with 

Sample remains light 



ink-black coloration. 

and liquid. 

2 

240° C. 

30,7° C. 

(( 

3 

260° C. 

40.3° C. 

« 

4 

253° C. 

46.5° C. 


4^ 

261° C. 

47.2° C. 

(t 
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The conclusion that nickel oxide and not nickel is the catalyst he considers 
is reached from the chemical and physical examination of the recovered catalyst. 
This, it is true, is complicated by the fact, that it is not possible for this purpose 
to remove all the adhering organic substances. The recovery may be carried 
out by allowing the oil and catalyzer to settle for a day at 60° C. After cooling, 
the lower black layer of the cake is separated from the light-colored fat and is 
placed in a Soxhlet extraction thimble. It is then extracted for twenty hours 
with boiling benzol, and dried in a vacuum. The residue is placed in a fresh 
thimble and again extracted for twenty hours with benzol. In this way it is 
possible to recover a catalyst which does not contain more than a maximum 
of 3.5 per cent of carbon. The coal-black powder thus obtained has reducing 
properties. It liberates nitric oxide from nitric acid and hydrogen from dilute 
sulphuric acid. It colors aqueous solutions of phosphotungstic acid and phos- 
phomolybdic acid blue, and in this respect does not behave differently than 
finely-divided nickel. The degree of reduction of this substance (which is meas- 
ured by the hydrogen developed), does not continuously increase with the 
length of time it is used as a catalyst. Erdmann has given two methods by 
which nickel and nickel suboxide may be differentiated, namely: by the deter- 
mination of the electric conductivity and by the carbonyl reaction. By the aid 
of these two methods, he deternuned that no metallic nickel could be detected 
in the recovered catalyst, and that the reducing properties must, therefore, be 
considered as being due to a lower oxide of nickel. 

For the hydrogenation experiments of the table following, cottonseed oil 
purified in Erdmann’s laboratory, trioleine found by analysis to be pure, and 
the purest oleic acid from Merck, were used. 


(a) Cottonseed Oil Purified by Steam 


No. 

1 

Amount 
of Cata- 

Temp. ® C 

Time, 

Urs. 

Solidification. 

Con- 

duc- 

Remarks. 

lystGm. 


tivity 


1 

1 

210-220 

3 

57 2 

0 

No carbonyl reaction 

2 

5 

225 

U 

27.8 

0 

Ni«74.3%i.H=102cc. * 

3 

8 

/ 255 

t 218 

i 

2 

1 42 

0 


4 

7 

235-238 

3i 

40 

0 


5 

7 

240-243 


39.5 

0 

Extraction in COi current 

6 

5 

250-255 

2} 

45 

0 

7 

8 

240-244 

5 

33.5 

0 


• 8 

8 

f 250 

1 230 

1 

} 32.3 

0 


9 

8 

/ 250 

1 230-240 

37.7 

0 

Extraction in COi current 

10 

11 

239-243 


43.5 

0 


11 

11 

240-245 1 

2i 1 

30 1 

0 1 



12 

13 

14 


1 

1 

1 


21U-220 

210-220 

265 


3 

4 
2i 


l6) Synthetic Triolein 

22.5 

28 

[Solid but Bolidification point 
not determined 


I No carbonyl reaction 
No carbonyl reaction 
Extraction in CO» current 


(c) Oleic Acid (Merck) 


15 1 

1 

220-226 1 

3 1 

55.6 1 

« 1 

Ni-74.4%>.H»80.7cc.® 

16 1 

1 

200 1 


57 3 

0 

C»3.58% H-0.95% 


1 

180-186 
• 1 

8 

56 

0 

Ni-76.9% 1 H =81.9 cc. 


» INI content oi me recoverea caxaiyHi.. , , . j j f 

» This figure relates to the amount of hydrogen (reduced to 0® C. at 760 mm.) produced from 
1 g. of the recovered catalyat when treated with HiSOi. 

In Nog. 1, 2. 3. 4. 6. 6. 12, 13, 14, 15, 16 and 17 voluminous nickel oxide was used. In Nos. 7, 
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Cataltzeb, One Pee Cent op Nickel Oxide (Voluminous) 


No. 

! 

Oil. 

Temp., * C. 

ae. Hours. 

?? 

is 

Remarks. 





1 

§ 

O 

• 

18 

Refined cottonseed oil 

230-246 

3 

39 

+ 


19 

Edible cottonseed oil 

260 

1 

39.2 

+ 


20 

Pure cottonseed oil hard- 

' 260 

6 


+ 

Catalyst flocculated 


ened to 57° 





out 

21 

Hardened linseed oil 

260 

6 


+ 

Catalyst flocculated 







out. H=*294 cc. 

22 

Pure cottonseed oil hard- 

i 195-200 

53 



No flocculation 


ened to 57.5° C.* 

\( 260 





23 

Linseed oil 

1 200 

S.) 

52.7 

0 

No flocculation 

24 

Oleic acid (Merck). . 

r 250 
\ 200 

15 /! 

63 


Ni = 75.2 per cent 

H == 104 cc. 


* The catalyst had already been used once and recovered. 


Erdmann considers the solidification point of more significance than the iodine 
number, as the latter may be misleading, when polymerization has taken place. 
Linseed oil (Test 23) was hydrogenated for one hour at 260° C. then for 83 
hours at 200° C. After three hours the solidification point was 46.2° and did 
not increase with further treatment. Nevertheless the catalyst remained well 
divided and did not flocculate out. Nickel fonnation did not set in at 200° C. 
Oleic acid (Test 24) treated with hydrogen at 200° C. gave after nine hours a 
solidification point of 63°, which did not increase in several hours subsequent 

treatment. Nickel likewise was not formed. The conditions are favorable for 

formation of nickel, when a high temperature (260° C.) and a large quantity of 

catalyst are used with an oil such as cottonseed oil, which readily takes up 

hydrogen. The hydrogenation then becomes so vigorous that the temperature 
in the interior may be raised by the heat of reaction above that of the oil bath 
used for heating purposes. This spontaneous heating, it is stated, favors reduc- 
tion to the metallic state. For cottonseed oil 0.5 per cent or at most 1 per cent 
nickel oxide (vol.) suffices perfectly for the hydrogenation. • 

According to Erdmann’s analyses the amount of hydrogen developed by a 
recovered catalyst when treated with sulphuric acid never reached the amount 
of 233 cc. from 1 g. of substance, which would be the amount expected from a 
pure compound having the formula NisO. The amount of hydrogen given off is 
usually not even half as large as that (see tests 2, 15, 17 and 24 in the above 
tables) and only exceeds it when nickel was produced deliberately and was 
detectable by the conductivity (Test 21). Meigen and Bartels contend that they 
are able to refute Erdmann’s statements by two analyses. (1) 0.1488 g. of 
catalyst produced 43.1 cc. of hydrogen (reduced to 0° at 760 mm.) and 0.1316 g. 
nickel (corresponding to 88.4 per cent). (2) 0.0976 g. of catalyst gave 22.6 cc. 
of hydrogen (reduced) and 0.0725 g. of nickel (corresponding to 74.6 per cent). 

Contrary to the statements of these writers, the nickel content does not in 
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these anal 3 rses exceed that of the nickel suboxide, NisO, as this amounts to 91.7 
per cent. When Erdmann calculated these analytical results for nickel suboxide 
(NiaO) he obtained from the first analysis the figure 140.4 per cent and in the 
second 134.3 per cent, which, of course, is impossible. Erdmann notes that, in 
some cases a part of the hydrogen generated by the action of acids may be due 
to the formation of hydride. Hydrided nickel oxides of the following forms are 
conceivable: (1) H— Ni (OH); (2) H— Ni— 0— Ni (OH); (3) H— Ni— 0— Ni— H 
and others. Such hydrides would necessarily produce more hydrogen with acids 
than a suboxide (NiaO). The assumption that perhaps a mix<.ure of such nick(‘l 
oxide hydrides are present in the catalyst used for the hydrogenation is not a 
purely speculative one, but is corroborated by an examination of the recovered 
catalyst. If the latter, after drying in a current of neutral gas or in a vacuum 
is heated to 250° C. steam, in addition to small amounts of hydrogen, is found 
to be given off. The catalyst, thus heated, sometimes shows electric conductivity, 
i.e., the heating has produced nickel. In other cases, usually when the hardening 
has not been carried far, no nickel can be detected after the heating. 

Electric Resistance. Tubandt, director of the physico-chemical department 
of the University Institute in Halle made some measurements of resistance with 
used nickel oxide catalysts, for Erdmann. 

Preparation of Catalyzers. (1) Linseed oil with 1 per cent of nickel oxide 
(vol.) was hardened for three hours. Solidification point 42“ C. Hardening 
temperature 260“ C. (one hour) and 210“ C. (two hours). (2) Edible cotton- 
seed oil, purified by distillation with steam, was hardened with 1 per cent of 
nickel oxide (vol.) for 22 hours at 250“ to 255“ Solidification point 44“ C. 

These catalyzers were pressed into tablets of 10 mm. diameter and 2 to 5 mm. 
height by means of a pressure of 1000 atmospheres in a steel cylinder. Plat- 
inum discs with welded platinum wires were pressed against the flat end sur- 
faces of the tablets. In order to insure a contact with the platinum .discs as 
free of induction resistance as possible, the ends of the tablets were gold plated. 
The conductivity measurements were made with a Wheatstone bridge provided 
with alternating current and a telephone receiver. The apparatus permitted 
the measurement of resistances of several millions of ohms with certainty. 
Tubandt made measurements of the conductivity at different temperatures from 
room temperature up to 300“ C. 

Catalyst (1) at 16“ afforded a specific resistance of 3,000,000 ohms, at 150°, 
1,600,000 ohms, at 200“, after heating for one hour, 376,400 ohms and after 
Pooling to 16°, 300,000 ohms. After heating for two hours up to 300“ the fol- 
lowing measurefnents were taken at 300“ C., 196.4 ohms and after cooling to 
15“ C. 78,560 ohms. The catalyst, therefore, first shows the tyqDical behavior of 
a poorly conducting metal oxide. It conducts decidedly more poorly than pure 
nickel oxide, for which at 17“ a specific resistance of 10,720 ohms was deter- 
mined. A difference is shown by the decrease in resistance at higher tempera- 
tures, finally reaching an almost constant point (when the temperature remains 
unchanged). Erdmann offers the surmise that an explanation may be found in 
the fact that at the higher temperature a part of the suboxide is reduced to 
metallic nickel by the occluded hydrogen. 

Catalyst (2) at 170“ exhibited a specific resistance of 3,000,000 ohms, and at 
61“ C. the i^ist9.nce was 2,266,000 ohms. On further slow heating the resistance 
slowly decreases with the rising temperature. At 270“ this decrease is very 
n^pid. 290“ the resistance became 0.207 ohm and at 16“ the figure obtained 
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was 9.1524 ohms. Tho phenomena are analogous to those observed in (1), 
except that on heating, so much nickel is formed that the substance becomes 
readily conductive. The temperature coefficient of conductivity before heating 
is positive — the suboxide being an electrolytic conductor of the current—and, 
after heating, the coefficient is negative (metallic conduction). 

Erdmann concludes that all these measurements indicate the used nickel 
oxide catalyst not to contain metallic nickel, at least not in apprccial)le quanti- 
tie.s. When nickel is actually present, either added to the catalyst at the start, 
or formed by the occluded hydrogen on heating the oil-free catalyst, it can be 
detected by measuring the electric conductivity. 

Erdmann made various observations by means of the nickel carbonyl reaction 
to prove the presence or absence of nickel. Experiments were carried out as 
follows: 50 to 100 g. of the oil were heated with the addition of 1 to 2 per cent 
of nickel oxide (vol.) in a flask (only vessels of glass can be used), with bottom 
tube, and tho oil hydrogenated to a solidification point of 28° to 33° C. The 
glass flask was then heated in a water-bath at 30° to 35° C. Hydrogen was 
replaced by pure dry carbon monoxide which was led into the flask by means 
of a T tube from a gasometer. Thus, there was no necessity of transferring 
and exposing hardened fat during the test. For a period of fifteen to thirty 
minutes no nickel mirror was formed on heating the escaping gas passing through 
a glass tube used for the mirror test. A colloidal solution of metallic nickel in 
oil, obtained by electric at.omizing of reduced nickel into linseed oil, was tested 
m the same way; 50 cc. of the colloidal solution, whose nickel content was 
0.04(5 g., were placed in the flask. A nickel mirror was at once obtained. A 
nickel mirror was obtained within three minutes when carbon mono.xide was 
passed over dry metallic nickel at 34° C. which had been obtained by reducing 
0.13 g. nickel oxide (vol.) with hydrogen. 

By these te.sts, Erdmann considers it is proven, even when only small amounts 
of nickel are present, that a temperature of about 30° C. is actually sufficient 
for the formation of the nickel carbonyl. If at 30° C. during the course of 
fifteen minutes no mirror is produced by carbon monoxide, Erdmann states this 
proves the absence of metallic nickel. 

The following experiments also were made: 

One hundred cc. cottonseed oil were hardened with the addition of 1 g. 
nickel oxide (vol.) for i hour at 250° to 255° C. The ink-like liquid was then 
treated at 50° with dry carbon monoxide in the same flask. The escaping gas 
flowed through a heated glass tube and then was ignited. In the first ten min- 
utes no mirror was formed, nor were any dark spots formed on a piece of por- 
celain when held over the flame. After seventeen minutes such spots were 
formed and a nickel mirror appeared. After thirty minutes the mirror was 
heavy, the carbon monoxide flame had an internal cone with a luminous point 
and readily deposited nickel spots on porcelain. The experiment was repeated 
at 60°, at 70° to 75° and at 80° to 85°. Highly hardened cottonseed oil was 
also used, but without producing any change in the result. A certain period df 
time always elapses before a deposition of nickel becomes noticeable. However, 
it is easy to overestimate the amounts of nickel deposited. The weight of the 
heavy-appearing niclcel mirror dep^isited during half an hour at 50° in the above 
experiment amounted only to a few tenths of a milligram. A second experiment 
at 70° to 75° for a full hour furnished a nickel mirror of 2.2 milligrams and a 
third at 80° to 85° for one hour a mirror weighing 2.7 milligrams. 
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The dependence of the reaction on the temperature, and its almost negative 
result at 30° point to a reducing action by the carbon monoxide. 

By a determination of the amount of carbon dioxide formed, it is proven 
that at 80° to 85° C. carbon monoxide has a reducing action on the nickel 
compounds contained in the hardened fat. 

A thesis by Agde * considers the subject of nickel oxide as a cata- 
lyzer, from a number of aspects. In order to study the question 
whether, and under what conditions metallic nickel is formed during 
the hydrogenation of fatty substances in the presence of nickel oxides, 
it appeared necessary to use as raw material for the experiments, 
chemically pure substances, or at least natural fatty oils purified as 
far as possible. Only under such conditions is it possible to exclude 
secondary reactions. Agde has therefore mainly used chemically pure 
oleic acid, synthetic triolein and a cottonseed oil carefully freed of 
aldehydes. 

If voluminous nickel oxide prepared from nickel nitrate, as used by Agde 
in most of the experiments, is introduced into the hot oil and hydrogen passed 
through in a vigorous current, then the grey color of the catalyst is changed to 
yellow-green. It then spreads through the oil, more or less rapidly, dei)ending 
on the temperature, colors the oil grey and finally ])lack. This last change of 
color into grey to black is an indication of the commencement of the hardening 
of the oil. With the glycerides this distribution takes place more rai)idly and 
completely than with the free fatty acid. Agde has also determined that with 
the glycerides colloidal transfusion or distribution occurs. When the black 
liquid is treated with benzol, then filtered through hardened filter paper, clear 
deep brown filtrates were obtained which were examined under the ultramicro- 
scope. The filtrate from synthetic triolein showed mainly amicrons and that 
from cottonseed oil only submicrons. 

A nickel oxide catalyst used for a second time, distributes in the oil at once, 
thereby shortening the time for the hardening. The catalyst cannot be used 
as often with oleic acid as with a glyceride. The frequency of this re-use nat- 
urally also depends upon the original amount of the catalyst. With 2 per cent 
of catalytic substance successive portions of oleic acid could be highly hardened 
three times. With 1 percent of catalytic substance the nickel oxide was floc- 
culated out when used a third time — a sign that its activity was ceasing and 
with I per cent of catalyzer this flocculation took place during the second hard- 
ening of the oleic acid. 

The required initial temperature varies for different oils. For oleic acid it is 
comparatively low, Agde determined it as being 180° to 185° C. But at such a 
low temperature the hardening takes place slowly. Over seven hours duration 
were necessary to reach a solidification point of 56°, while the same result was 
obtained in three hours at 225° C. This is in part caused by the fact that the first 
phase, the distribution stage, requires a long time. The course of the hardening 
of oleic acid was ascertained for the temperatures from 180° to 250° C. For 
glycerides, such %a triolein, cottonseed oil and linseed oil, the initial temperature 

* Halle, 1914, under Dr. Erdmann. 
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lies beyond 200® C. (for triolein at 210" to 220" C.) But when once the hydro- 
genation has started the temperature can be lowered for its further progress. 
Agde, therefore, differentiates between initial temperature and hardening tem- 
perature. Oleic acid hardening takes place at 100" to 110" if it has once been 
started. 

The hardening curves up to a certain degree rise sharply an then curve more 
gradually. The commencement of the gradual curvature is dependent on the 
hardening temperature and the amount of the catalytic substance. With a hard- 
ening temperature of 250" and 1 per cent of catalytic substance this curvature 
is found at the solidification point Gl" for oleic acid; for triolein it is at about 45". 

The formation of nickel aside from being produced by the aldehydic impuri- 
ties already mentioned according to Agde can be occa.sioned only by overhardening. 
It is favored by a high hardening temperature. Although the catalyst was still 
free of nickel, after hardening oleic acid for 41 hours at 250" C. to solidification 
I)oint of G3" the metal was formed after hardening for 6] hours at 255" to a 
solidification point of 64". Oleic acid could, however, be hardened at 200° and 
treated for fifteen hours with a strong current of hydrogen (5 liters per minute) 
without it being possilile to detect metallic nickel in the catalyst. 

In general, Agde states, with faulty carrying out of the hardening operation 
or with [)oor catalysts, oleic acid will give occasion for the formation of metallic 
nickel more readily than is the case with the glycerides. I’his is shown by an 
experiment in which basic nickel carbonate was added to free oleic acid at ordi- 
nary temperature, whereupon it was warmed very slowly. Under these condi- 
tions nickel oleate is formed, which sets nickel free at a high temperature under 
the influence of hydrogen. The catalytic action is thereby destroyed; for the 
nickel which is produced in this way is in the form of metallic scales and accord- 
ing to Agde has as little power to transfer hydrogen as has the reduced nickel 
formed by over hardening the oil 

Preparations of nickel oxide, which— on account of the admixed impurities 
which they contain (for instance, too high an alkali content), do not transfuse 
or distribute in the oleic acid— may also be reduced to nickel accompanied by a 
loss of their catalytic activity. In the apparatus used, a flask with bottom inlet 
tube, this is favored by the fact that the nickel oxide is precipitated as a heavy 
deposit in the bottom tube, while the oil is forced out of the tube by the strong 
current of hydrogen, thus the nickel oxide is heated directly in a hydrogen 
atmosi)here. 

The criticism that metallic nickel loses its conductivity by being acted on by 
the oxygen of the air during the recovery of the catalyst is also refuted by 
Agde, who filtered and extracted the catalyst in a current of carbon dioxide, 
but the results were the same as those from the experiments made without 
the use of this gaseous atmosphere. The test for the presence of metallic nickel 
by means of carbon monoxide is also negative for normal hardening. But the 
temperature during the action of the carbon monoxide must not be too high, as 
otherwise nickel oxide, it is stated, is also reduced by it and converted into 
nickel tetracarbonyl. 

In a number of cases Agde made a quantitative analysis of the used nickel 
oxide catalyst which had been carefully decreased by means of benzol. It may 
be noted here that the nickel content lay between 75.2 per cent and 77.1 per 
cent, the carbon content between 2.9 per cent and 6.2 per cent and the hydrogen 
content between 0.7 and 1.3 per cent. The amount of hydrogen produced by 
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acids varied between 80.7 and 108.6 cc., calculated for 1 g. of catalyst, while 1 g. 
of a nickel suboxide, Ni20, theoretically yields 107.9 cc. of hydrogen (1 g. of Ni^O 
can furnish 233.1 cc. of hydrogen). When the recovered catalyst has been used 
for hardening for a long time and at a high temperature, it develops foul- 
smelling gases when mineral acids are poured over it. These gases have an odor 
which remind one of the odor produced when iron carbides are dissolved in 
mineral adids. If the hardening be carried out at low temperatures, or f it 
is of short duration, this odor cannot be perceived. Furt-hermore the observa- 
tion was made that the recovered catalyst on being heated over 200° C. develops 
hydrogen and at 250° to 275° C. splits off water. In addition small amounts 
of carbon monoxide were also set free. This development of gas and steam also 
takes place when a perfectly anhydrous nickel oxide and a carefully dried oil 
had been used for the hardening. 

The final product of the hardening of oleic acid is a stearic acid having a 
melting-point of 63° which corresponds to an iodine number of 15.6. With 
triolein, however, an iodine number approximately zero is attained. The saponi- 
fication number in this case agrees with thjit for pure tristearin and the acid 
number is zero. Therefore, during the hardening, nickel oxide does not produce 
any saponification. 

Agde performed some experiments with several other organic bodies, in addi- 
tion to oleic acid and fatty oils, in order to determine how nickel oxide suspended 
in these substances behaves when heated during the pjissing through of hydro- 
gen. With paraffin and diphenylamine there resulted a rapid reduction to 
metallic nickel. In paraffin the nickel is already detectjible after one-quarter of 
an hour, and after one hour the nickel content of the recovered catalyst amounts 
to 94.9 per cent. In the prc.sence of beta-naphthol, acetanilid, anthracene or 
phenathrene, however, there is also a reduction of the nickel oxide but after 
from one to four hours treatment with hydrogen at 250° it is not reduced to 
the metallic state. Evidently the last-named substances exert a protecting influ- 
ence on the metallic oxide. No connection between the division or distribution 
of the nickel oxide and the viscosity of the substances could be proven. 

Agde considers his studies to have proven beyond all doubt that in the oil- 
hardening process of Bedford and Erdmann, metallic nickel is not the conveyor 
of hydrogen. He claims that easily avoidable errors have been discovered which 
explain the chance formation of nickel and which undoubtedly caused such a 
formation in the experiments of Meigen and Bartels. The determination that 
the nickel produced by a reduction process in the oil, is not capable of acting 
as a catalytic hydrogen conveyor, Agde believes furnishes ample confirmation 
of this v ew. 

Concerning the mechanics of the catalytic activity of nickel oxide, it may be 
noted thafr Ipatiew has already advanced the idea, and Bedford and Erdmann 
have brought forth experimental indicafons that some lower oxide of nickel is 
the actual conveyor of hydrogen. But this does not exclude the possibility 
that perhaps nickel oxide (NiO) is also capable of taking up and transferring 
hydrogen without being reduced. 

Senderens and Aboulenc * assume the formation of a nickel suboxide during 
the reduction of nickel oxyhydrates below 300° C. Such an intermediate phase 
is also indicated by the results of work by Sabatier and Espil f on the reduction 
of oickd ojdde in a current of hydrogen at different temperatures. For instance, 
angew. Ch^., 1913, 26, 209. t Comp, rend., 1914, 158, 668. 
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when 75 per cent to 79 per cent of the oxygen which is combined with the 
nickel, is converted at 200® C. into water, the curve of the velocity of reduction 
assumes an entirely different direction, as the speed drops greatly. This is a 
sure sign, Agde states, that an intermediate product, i.e., a lower nickel oxide, 
has been formed which is reduced much more slowly than the initial oxide. 
For the suboxide formed by the reduction in a current of hydrogen, Sabatier 
assumes the formula Ni 40 , but the way in which he calculates this "formula is 
not very convincing to Agde. In doing this he appears to neglect the fact, that 
during the first phase, the sharp ascent of the curve, nickel suboxide is also 
further reduced to nickel, and also he does not take into consideration the fact 
that the speed of reaction is a function of the surface. In Agde’s opinion the 
formula, Ni 40 , of Sabatier has no value other than to show that during the 
reduction of nickel oxide in a current of hydrogen at temperatures of 180°, 200° 
C. and higher, a nickel suboxide is produced as an intermediate phase. 

Agde observes that the conditions for the reduction of the nickel oxide sus- 
pended in oil arc materially different than those occurring during the reduction 
in a dry atmosphere of hydrogen. If, as Sabatier observed, small amounts of 
water considerably slow down the reduction of nickel oxygen compounds, Agde 
thinks it is safe to assume that large amounts of fatty oils will possess such 
a delaying action to a still higher degree. At all events, he continues, an ex- 
planation of the fact that, as proven, no nickel is produced during the hardening 
of the oil, but that the reduction here ceases at an intermediate phase as a nickel 
Fuboxide, is furnished by Erdmann * in a most plausible way by his assumption 
of an addition compound of the nickel oxide with unsaturated fatty substance. 
By such assumption that the nickel suboxidc first formed enters a complex 
compound by addition and is shielded from any further reduction by hydrogen 
an explanation is afforded of the results noted. Examples of this kind are to 
bo found in other fields. For instance, palladium chloride is not precipitated 
from an acetone solution by the introduction of hydrogen as it combines with 
the ketone to form a double compound, while palladium solutions which do not 
contain such a double compound are rapidly reduced to the metallic state by 
hydrogen. That atoms of a metal may add themselves directly to carbon is 
proven by many examples in organic chemistry, such as zinc-methyl, the organo- 
rnagnesium compounds of Grignard, nickel tetracarbonyl, acetylene copper and 
acetylene-silver. Reference also should be made to the work of Fokin f on the 
addition of metallic oxides or of metallic hydroxides to form double-compounds. 
This experimenter has shown that during the hydrogenation of glycerides, com- 
plex compounds of platinous hydroxide with unsaturated fats are produced in 
the form of sols. 

The phenomena which take place during the hydrogenation of unsaturated 
fatty substances with nickel oxide Agde asserts arc to be consideretl in an 
analogous way. The constitution of this hypothetical addition compound of 
nickel suboxide can be pictured in the following way: 

I 

H— 0— Ni\ 

I >0. 

II— c— Nr 

I 

♦ Oester. Chem. Ztg., 16, 293, Abstract. 

t J. Russian Phys. Chem. Soe., 1910, 42 , 1075, also 1912, 44 . 653. (See Chem. Ztg.,' 
1913, 37, 61, and Chem. Centr., 1910, Part 2, 1743. 
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In the further progress of the hydrogenation, the addition compound, having 
become charged with hydrogen supposedly is then split up into the saturated 
fatty substance and a nickel suboxide containing hydrogen, to which may be 
ascribed the formula; 


H— Ni>^ 
II— Ni^ 


0 . 


When the hydrogenation has progressed so far that only a small amount of 
unsaturated compound still remains, then if the temperature is high enough, the 
nickel suboxidc is further reduced to metallic nickel as is also the case if nickel 
oxide is treated with hydrogen in the presence of stearic acid or paraffin at 250“ 
C. But the presence of the fatty acid advances the reduction temperature of 
nickel suboxide so high that the formation of nickel at 200° C. does not take 
place even after treating with hydrogen for fifteen hours. 

Certain aromatic substances, such as acetanilide, cinnamic acid, |8-naphthol, 
anthracene, and phenanthrene, have, as Adge was able to determine, the prop- 
erty of protecting the nickel oxide from being reduced down to the metal, without 
taking up hydrogen them, selves at ordinary pre.ssure. 

Regarding the more *or less fine division of the catalyst the following may be 
noted: An exceedingly fine division of the catalyst takes place in connection 
with the reduction of the nickel oxides in unsaturated fats, but for various sub- 
stances varying degrees of fineness are observed. As already mentioned, with 
the glycerides, the degree of subdivision is actually colloidal, but not with oleic 
acid and the other organic compounds used for the experiments. The original 
supposition of Agde that the degree of division might stand in relation with the 
viscosity of this substance has not been corroborated, for linseed oil and glycerine 
have the same degree of viscosity and the state of division is colloidal in the 
former, but not in the latter, Agde has, therefore, accepted the assumption of 
Bedford and Erdmann that this division is related to the unsaturated condition. 
Presumably, Agde states, there is formed an addition-compound of an unsaturated 
organic body and the lower nickel oxide, which has the property of existing in 
the colloidal condition. The purer the oils, the more easily is a colloidal division 
obtained, but in this connection the temperature and the length of hardening 
also have some influence. 

The hypothesis of the formation of an addition compound serves in the first 
place as an explanation of the stability of the nickel suboxide toward hydrogen. 
But other reasons also bespeak the entrance of the nickel oxide into organic 
combination, Bedford and Erdmann have already called attention to the fact 
that it is impossible to entirely free a catalyst, used for fat hardening, of its 
content of organic substance, by extracting with benzol, similar to the way in 
which Wieland * treated palladium black. However, Agde found that the nickel 
oxide treated with hydrogen in molten paraffin or diphenylamine could be 
obtained absolutely free of carbon after extraction with benzol. 

The appearance of a nickel carbide-like substance Agde believes also points 
with certainty to a compound of nickel with carbon. Furthermore, the fact 
that during the hardening no saponification of the triolein is brought about by 


♦ Ber., 1912, 45, 488. 
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the nickel oxide leads to the assumption of the formation of an addition-com- 
pound.* 

The fact that the hydrogenation cannot be completed with olei(! acid, indi- 
cates that a condition of equilibrium takes place here, between oleic acid, its 
addition-compound and stearic acid. This condition of equilibrium is constant 
at 200® C. but at 250® with continued introduction of hydrogen, is ^displaced 
and the nickel suboxidc set free is then further reduced to nickel. 

Another communication by Normann f on the hydrogenation of 
fats in the presence of metallic nickel and nickel oxide refers to the 
findings of Erdmann that the hydrogenation of fats is effected more 
rapidly in the presence of unreduced nickel oxide than with cata- 
lyzers of nickel reduced from such oxide, whereas Normann’s experi- 
ments give different results, nickel oxide material being rendered 
active only after reduction to the metal. 

Normann observes that comparative experiments with different nickel oxides 
and with the metal reduced from them have shown that the activity varies with 
the physical form of the metal. In the case of some forms no hydrogenation could 
be brought about. In all cases Normann observes the metal was superior to 
the oxides. For instance he notes that certain impurities in commercial oxides 
have an unfavorable effect upon the metal reduced therefrom. He found that a 
small amount of hydrochloric acid had no effect on the oxide but produced a 
stimulating effect on the metal. Salt behaved in an analogous manner. Sul- 
phuric acid, he claims, promotes the activity of both oxide and metal catalysts 
when present in small amount. He also mentions a fact long known to oil- 
hardening chemists that the hydrogenation of oils may be carried out tech- 
nically by means of metallic nickel without any carrier. 

A series of comparative tests have been carried out by Siegmund 
and Suida t on the relative value of nickel and nickel oxide in 
hydrogenating oils with hydrogen at atmospheric pressure. 

The oils used were: 

A. Linseed oil, iodine number 176.2, acid number 6.07. 

B. Linseed oil, iodine number 170,5, acid number 3.58. 

C. Cotton oil treated six hours in vacuo at 150° to 160° C. 

with steam to remove aldehydes, dried for two 
hours in vacuo at 140° to 150° C. in contact with 
hydrogen. Iodine number 99.2, acid number 0.32. 

D. Cotton oil, iodine number 105.8, acid number 0.89. 

E. Rape oil, iodine number 101.9, acid number 6.61. 

F. Sesame oil, iodine number 102.3, acid number 3.44. 

* Motal oxides free of water are observed always to have a saponifying action on fats 
at 260. C. (For literature see Hefter. Technologic der Fette und Oele, 1910, Vol. Ill, 
623.) Furthermore by the reduction of NiO to suboxide, some water is forn^ed. 

t Chem. Ztg., 40, 757; J, S. C. I., 35, 1070; Chem. Abs., 1917, 1321. 

$ J. Prakt. Chemie, 1916, 442. 
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The following catalytic materials were employed: 

(а) Voluminous nickel oxide prepared according to Bedford and 
Erdmann by dropping small portions of a solution of nickel nitrate and 
sugar on a surface heated to a low red. The product contained carbon, 
0.42 per cent, hydrogen, 0.66 per cent, and nickel, 76.67 per cent. The 
calculated content of nickel in nickel oxide, NiO is 78.57 per cent. 

(б) Metallic nickel, obtained by reduction of voluminous nickel 
oxide in hydrogen at 280° to 290° C. 

(c) Basic nickel carbonate (Kahlbaum). 

(d) Nickel formate, prepared by dissolving nickel oxide, or better, 
basic nickel carbonate in warm formic acid, evaporating the solution 
and repeatedly crystallizing from a weak solution of formic acid. 
The crystals were dried over sulphuric acid. The product corre- 
sponded to the formula Ni(HC 02 ) 2 + 2 H 20 . 

The Hydrogenating Procedure 

The oil was placed in a glass flask (Bedford and Erdmann type) 
and heated in an oil bath to 120° to 180° C. while a slow stream of 
hydrogen was passed through. The catalyzer was then added and 
the hydrogen current increased to 15 to 20 liters per minute, while 
the temperature was raised to 230° to 260° C. and was maintained 
at this point during the entire hydrogenation stage. After harden- 
ing, the fat was filtered from the catalyzer in an atmosphere of 
carbon dioxide. Fuller’s earth was added and a second filtration 
made to render the fat free of catalyzer. 

NICKEL OXIDE AS A CATALYZER. 


250 g. of linseed oil, A and B, were used in each of the following tests. 


Teat No. 

Iodine No. 
of Oil Used. 

Amt. of 
Catalyzer 
in Gms. 

Hardening 

Temperature 

Liters of 
Hydrogen 
per Minute 

Period of 
Hardening, 
Hours. 

Iodine No. 
of Product. 

XX 

170.5 

2.5 

250-260® C. 

18 

1 

2 

144 

XX 

170.5 

2.5 

250-260° C. 

18 

1 

111 

XX 

170.5 

2.5 

250-200° C. 

18 

u 

86.6 

XX 

170.5 

2.5 

250-260® C. 

18 

2 

62.4 

XX 

170.5 

2.5 

250-260° C. 

18 

3 

19.8 

I 

176.2 

2.5 

240-260° C. 

18 


5.34* 

VI 1 

176.2 1 

5.0 

273-258° C. 

10 

19 

1.05 


450 g. cotton oil D were used 

in the following 


vm 1 

105.8 

4.5 

1 237® 

20 

1 

45.75 

IX 1 

105.$ 

4.5 

23^243® 

20 ' 

2 

'16.8 

X 

1Q5.8 

4.5 

244® 

20 

3 

5.03 


• SoHdified at 35.2 after two hours; 42.5® after 2f hours, and 47.4® after 3i 
hours. ' . 
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HARDENING OF LINSEED OIL WITH BASIC NICKEL CARBONATE. 
500 g. Oil A. 10 g. Catalyzer. 


Temp. 

Time. 

Iodine No. 

232° C. 

1 hour 

66 9 

232-252 

2 hours 

45.3 

233-265 

3 hours 

37.3 

245-256 

hours 

25.5 


HARDENING OF SESAME OIL WITH BASIC NICKEL CARBONATE. 
450 g. Oil. 6.8 g. Catalyzer. Temperature 241 °-248® C. 


Time. 

Iodine No. 

Solidification Point. 


73.3 

18^’ 

1 

65.2 

25.6 

u 

58.0 

31.6 

2 

54.5 

34.8 

21 

50.3 

37.7 

3 

43.8 

39.8 


COTTONSEED OIL C AND D, RAPESEED OIL E USING BASIC NICKEL 
CARBONATE 


Amount of Oil. 

Kind. 

Amount of 
Catalyeer. 

Temp. 

Time. 

Iodine No. 

150 

c 

3 

237-258° C. 

21 hours 

68.7 

280 

D 

4.2 

248° C. 

6 hours 

26 3 

450 

E 

6.8 

248-250° C. 

2 hours 

58.5 


LINSEED OIL B, USING A MIXTURE OF METALLIC NICKEL AND 
NICKEL CARBONATE 

0.15 g. reduced NiO with 5.88 g. Nickel Carbonate. 


Temp. 

Time. 

Iodine No. 

235-243° C. 

1 hour 

38.15 

240-250° C. 

3 hours 

8.4 


300 g. oil used in each case. 

LINSEED OIL B, WITH NICKEL FORMATE. 


Temp. 

Amount of Nickel Formate. 

Time. 

Iodine No. 

243°-257° C. 

8g. 

2 hours 

24.7 

208°-216° C. 

8g. 

3 hours 

3.5 


300 g. oil used in each case. 
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LINSEED OIL A, WITH METALLIC NICKEL AS (CATALYZER. 
250 g. Oil, 2,5 g. Catalyzer, Temperature 242-252° C. 

Time. Hours. lotliiir No, 

i 155.7 

1 147.4 

• U 140.9 

2 134.5 

21 126.9 

3 120.4 


If the values found for linseed oil are charted, the following curves are 
obtained, Fig. 47d. 



From the curves Siegmund and Suida conclude that the speed of reaction, 
other things being equal, is greater for the whole reaction period for nickel 
oxide than for nickel carbonate. For the latter it is only very great at the 
beginning and it is smallest for metallic nickel. The mixture of metallic nickel 
with nickel carbonate at first has the greatest speed of reaction but this is later 
surpassed by that of nickel formate. Meigen and Bai-teis * state: “ If water 
plays any role then the speed of ruction when using nickel oxide (as already 
emphasized by Ipatiew) must be initially greater than with nickel, as a larger 
amount of water can be formed from the oxide. Ipatiew believes that he has 
found corroboration of this in his experiments.” The above experiments are 
claimed to be a new proof of the correctness of this view. The latter explains 
at once why the initial speed is greater when utilizing basic nickel carbonate 
or basic nickel formate as catalysts than with nickel oxide. That nickel 
and nickel carbonate and particularly nickel formate have a somewhat greater 
reduction catalytic action than nickel oxide may be sought for, on the one 


♦ J. prakt, Chem. (2) Sp. 292, 1914. 
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hand in their greater initial speed of reaction, and on the other hand, that with 
them an oxide poorer in oxygen (nickel suboxide) is more readily formed. * 

From the analyses of the used and purified catalysts it appears that all con- 
tain organic substances in a form insoluble in benzol, in greater or lesser amounts. 
If we take into consideration the fact that all the oils used for the experiments 
contain free fatty acids, the conclusion is probably justified that the organic 
substance contained in the used and purified catalysts is a nickel salt of a fatty 
acid. (According to actual experiments nickel oleate is soluble and nickel 
stearate insoluble in benzol). All used catalysts were attracted more or less by 
magnets with the usual characteristic brush formation. 

Experiments made by Siegmund and Suida gave evidence that on heating 
nickel carbonate at 250“ C. in a current of hydrogen in oils almost entirely 
free of acid, large amounts of carbon dioxide escai>e. On using oils not free of 
acid, there will first be a formation of nickel soap with evolution of carbon 
dioxide. 

Nickel formate, was gradually heated up to 250“ C. in a current of nitrogen 
in a metal bath. Duration of the heating, one hour. The escaping gases were 
led over glowing CuO and then through a CaCb tube and a potash bulb. 

Calculated for Ni(lIC05)2+2H0* Found 

CO 2 47.37 per cent ( = 12.92 per cent C) 47.23 per cent ( = 12.88 per cent C) 

HyO 29.16 per cent (= 3.12 per cent H) 28.10 per cent (= 3.12 per cent H) 

Residue 33.83 per cent. 

Nickel formate was heated gradually as above up to 250“ C. for 1^ hours in 
a current of nitrogen in a metal bath. The escaping gases were freed of water 
and CO 2 direct in the CaCb tube and potash bulb without previous passing over 
CuO. 

Calculated for Ni(HCOj)s+2HjO Found 

CO 2 47.37 per cent ( = 12.92 per cent C) 42.30 per cent ( = 11.54 per cent C) 

H 2 O 29.16 per cent (= 3.23 per cent H) 18.62 per cent (= 2.07 per cent H) 

Residue 34.27 per cent. 

Accordingly by simple heating to 250“ C. nickel formate is decomposed into 
CO 2 , CO, H 2 O and hydrogen and there remains a product which in addition to 
31.51 per cent of nickel, in the main contains oxygen also. 

This residue is dark grey-black in color and is magnetic. Its specific gravity 
is 5.788 at 20“ C., its conductivity is zero. The composition is approximately 
NisO and the carbonyl test gave no evidence of metallic nickel. In order to 
ascertain the behavior of nickel formate at a somewhat lower temperature, it 
was heated for 1^ hours in a current of nitrogen to 200“ C. In this time the 
absorbing apparatus took up 9 62 per cent CO. and 11.17 per cent H20, showing 
that nickel formate begins to decompose at temperatures under 200“ C. 

The conclusions of Siegmund and Suida are that: 1. Under ordinary pressure 
the hardening of fat taJees place incomparably more rapidly with nickel oxide 
than with metallic nickel. 2. When using nickel carbonate and nickel formate 
as catalysts the hardening of fat proceeds exactly in the same way as when nickel 
oxide is used. 3. The used catalysts obtained when nickel oxide, nickel carbon- 
ate, nickel formate and metalhc nickel -F nickel carbonate are used have approxi- 
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mately the same composition. 4. The hardening of fat with nickel carbonate, 
nickel formate, or a mixture of nickel + nickel carbonate is identical with the 
hardening when using nickel oxide. In this hardening a low oxide of n ckel is 
the conveyor of the hydrogen. This hardening is materially different from that 
made with metallic nickel. 5. In those hydrogenation processes in which a low 
nickel oxide is the hydrogen conveyor, water plays a role. 



CHAPTER IX 

NICKEL CARBONYL 

Owing to the interest manifested in nickel carbonyl as a source of 
catalytic nickel and because of the difficulties encountered in its prepa- 
ration the following extracts from various publications on the subject 
are appended. 

The action of carbon monoxide on nickel was noted by Mond and 
associates in 1890.* When carbon monoxide is passed over finely- 
divided nickel, such as is obtained by reducing nickel oxide by hydro- 
gen at about 400 degrees, at a temperature between 350 and 450 de- 
grees, carbon dioxide is formed, and the nickel is gradually converted 
into a black, amorphous powder, consisting of carbon and nickel; 
the composition of this deposit varies widely with temperature and 
time. A small quantity of nickel can thus change a very large amount 
of carbon monoxide, the action being complete and rapid at first, and 
continuing, although at a diminishing rate, for several weeks. A 
product containing as much as 85 parts carbon to 15 parts nickel was 
obtained. Acids only partially remove the nickel ; the carbon is very 
readily acted on by steam, carbon dioxide and hydrogen without a 
trace of carbon monoxide being formed at a temperature of 350 degrees. 

On allowing the substance to cool in a current of carbon monoxide, 
it was noticed that the flame of a Bunsen burner into which the escap- 
ing gas was introduced became luminous, and when the tube through 
which the gas passed was heated, a deposit of nickel, mixed with a 
small quantity of carbon, was obtained. Mond and his associates 
were thus led to discover the existence of a volatile nickel compound. 

To prepare this compound a combustion tube was filled with nickel 
oxide and this was reduced by hydrogen at about 400 degrees; after 
cooling the nickel to about 100 degrees, pure dry carbon monoxide 
was passed over it without further heating, and the issuing gas led 
through a tube placed in a freezing mixture; the major portion of the 
nickel compound condensed as a colorless liquid; but since the gas 
retained about 5 per cent, it was collected, dried and again passed over 
the metal. When no more liquid condensed, the nickel was again 

♦ Mond, Langer and Quincke, Proc. Chem. Soc. (1890), 112; J. S. C. I. (1890), 
808. 
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heated to about 400 degrees in a slow current of pure carbon monoxide ; 
it was then cooled to about 100 degrees, and again submitted to th(^ 
action of the gas. 

Nickel carbonyl thus prepared is a colorless li(iuid, which boils at 
43 degrees under 751 mm. pressure; its relative density at 17 degrees 
is 1.3185. It solidifies at -25 degrees to a mass of needle-shaped 
crystals. Its composition is represented by the formula Ni(CO) 4 . 
It dissolves in alcohol, and more readily in benzene and chloroform; 
dilute acids and alkalis have no action on it, but it is oxidized by con- 
centrated nitric acid. It reduces an ammoniacal solution of cupric 
chloride, and also causes the separation of silver from an ammoniacal 
s^ lution of silver chloride. It interacts with chlorine, forming nickel 
chloride and carbon oxychloride. It is decomposed at 180 degrees 
(in boiling aniline vapor) into nickel and carbon monoxide. The 
atomic weight of the deposited metal was found in three experiments 
to be 58.52 to 58.64, a result closely corresponding with Russel hs 
value, 58.74. 

Numerous experiments to obtain similar compounds with other metals, notably 
with cobalt, iron, copper and platinum, led to negative results. On experimenting 
with specially-purified cobalt, in the beginning a slight coloration of the Bunsen 
flame into which the gas was led was noticed, but after a time this was no longer 
observed. Commercial cobalt afforded a gas which deposited a mirror of pure 
nickel, it being possible, in fact, to purify cobalt from nickel by carbonic oxide. 
The nickel mirrors obtained by heating the carbonic oxide compound do not appear 
to contain any trace of cobalt. 

Martha (Chem. Ztg. (1891), 915; J. 8 . C. I., 1891, 837) has recorded some prop- 
erties of nickel carbonyl which arc of interest. He used some impure ferriferous 
nickel oxide as the source of the metal. Under these circumstances the condensed 
nickel compound has always a yellow tinge, and contains iron, as do also the nickel 
films obtained by heating the conducting tube. The liquid after standing for a 
few hours, even in a sealed tube, deposits a brown compound containing iron, which 
often explodes with great violence when the liquid is poured off, the sides of the tube 
being simultaneously covered with a film of nickel. An apple green precipitate 
containing nickel is occasionally deposited, together with the brown iron compound, 
and adheres strongly to the sides of the tube. The vapor of the liquid compound 
exploded upon one occasion very violently, either owing to the presence of a particle 
of the iron compound or to its own explosive properties. 

Berthelot * notes that the vapor tension of nickel carbonyl (boiling 
point 46° C.) at 16° C. is about one-fourth of an atmosphere. A drop 
of the liiquid allowed to evaporate spontaneously forms a certain 
quantity of crystals, which consist of the solidified substance, and 
speedily volatilize- on continued exposure. It has no sensible tension 
of dissociation at the ordinary temperature, but in contact with air 
* Bull. Soc. Chim. (1892), 13 , 431. 
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oxidizes rapidly. The precise mechanism of oxidation varies accord- 
ing to the conditions under which it takes place. For example, when 
an inert gas, charged with the vapor of nickel carbonyl, is passed 
through a strongly heated tube, the products are metallic nickel and 
carbon monoxide, as observed by Mond and his colleagues. These 
investigators also found when nickel carbonyl is heated sharply to 
70° C., at which point detonation takes place, that the same bodies 
are formed. 

Bcrthelot, however, has observed that a certain amount of carbon dioxide and 
carbon is produced. He is of the opinion that this reaction determines the occur- 
rence of the detonation, as the equation 

2C0 = C02 + C 

implies the evolution of 38.8 calories, i.e., 77.6 calories for the 4 mols. of carbon 
monoxide in Ni(('0)4. The only assumption necessary to justify this view is that 
tlMJ heat of combination of Ni and CO is less than 77.6 calories. 

The reactions of nickel carbonyl are generally those dependent upon 
the presence in it of nickel, but when they are induced gently and at 
low temj)erature, bodies comparable to organo-metallic compounds 
arc formed. The vapor of nickel carbonyl is not sensibly soluble in 
water or dilute acid or alkaline solutions or cuprous chloride. Hydro- 
carbons are its natural solvents; spirits of turpentine is specially 
suitable, and can be used for determining it. Explosion of a mixture 
of nickel carbonyl and oxygen can be effected by violent agitation over 
mercury as well as by direct ignition. Slow union takes place when 
such a mixture is kept in contact with a little water. In contact with 
strong sulfuric acid dry liquid nickel carbonyl explodes after a short 
interval, but if in the form of vapor and diluted with nitrogen it is 
decomposed gradually, the theoretical quantity of carbon monoxide 
being liberated. Strong caustic potash has no perceptible action on 
nickel carbonyl. Gaseous ammonia does not act immediately per se, 
but if a little oxygen be added, fumes are produced, and if the action 
of oxygen be continued a whitish deposit of complex composition is 
gradually formed which is destroyed with charring on being heated. 

Sulfuretted hydrogen acts on nickel carbonyl vapor, mixed with 
nitrogen in the cold, a black sulfide (of, nickel) being precipitated. 
Phosphoretted hydrogen under similar conditions gives a brilliant 
black deposit. Nitric oxide if mixed with nickel carbonyl vapor, 
diluted with nitrogen, or passed into the liquid itself, produces blue 
fumes, which fill the whole vessel. The formation of nickel carbonyl 
proves carbon monoxide to be capable of forming organo-metallic 
compounds similar to those derived from hydrocarbons, and analogous 
to the salts of rhodizonic and croconic acids produced by the union of 
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the condensed derivatives of carbon monoxide with an alkaline metal. 
Nickel carbonyl serves as an example of the tendency of carbon mon- 
oxide to form loose combinations and products of condensation, in 
virtue of its character as an unsaturated body. 

Nickel carbonyl, according to Berthelot,* can be preserved under 
water, but if contained in a bottle with an ordinary ground-in stopper 
becomes slowly oxidized, and a layer of apple green nickel hydrate is 
formed, which is free from carbon. A portion of it, however, makes its 
way out of the bottle and is oxidized, forming a fume which is deposited 
on adjacent objects. 

In order to examine the product of oxidation Berthelot kept a bottle of nickel 
carbonyl in a double casing of tin plate and succeeded in collecting a few decigrams 
of a complex oxide, which appeared white in small quantity, but had a greenish 
tinge when viewed in mass. It was found to be the hydrated oxide of an organo- 
metallic compound of nickel, and upon analysis gave figures corresponding to the 
formula CjOiNis • 10 PI 2 O. It therefore appears to be the oxide of a complex radical 
analogous to croconic and rhodizonic acids. 

The fact that under ordinary circumstances nickel alone is acted on when a 
mixture of this metal with any other metallic or mineral substance is treated by 
carbonic oxide gas, led Mond (J. S. C. I., 1891, 836) to institute experiments to 
ascertain whether it would not be possible by means of carbonic oxide to extract 
nickel direct from its ores, and such metallurgical products as nickel speiss and nickel 
matte. As the nickel is volatilized at the ordinary temperature in the form of a 
vapor disseminated through other gases from which it can be deposited without 
first condensing the nickel compound, by simply heating these gases to the moderate 
temperature of 200® C., as it is thus obtained in the form of bright coherent masses 
of great purity, as the carbonic oxide used is completely liberated and can be em- 
ployed over and over again, and as small quantities of the poisonous nickel com- 
pound which may escape decomposition would thus never leave the closed apparatus 
in which the process would be carried out, it seemed probable that such a process 
might be capable of industrial application, and might prove more economical than 
the complicated operations metallurgists have to resort to to produce tolerably pure 
nickel. 

. Experiments carried out in conjunction with Langer, with a great variety of 
nickel ores from all parts of the world, containing from 4 to 40 per cent of nickel, 
as well as a number of samples of nickel speiss and nickel matte, proved that as 
long as the nickel is combined with arsenic or sulfur the process was successful. 
In the majority of cases Mond was able to extract the nickel almost completely in 
three or four days. Such ores or matte or speiss have in the first instance to be 
calcined, so as to convert the nickel completely into oxide. The mass is then reduced 
in a current of hydrogen-containing gases —in practice water gas at a temperature 
of 450® C. It is cooled down to ordinary temperature and treated with any good 
apparatus for treating solids by gases. Methodical apparatus moving the reduced 
ore in opposite directions to the current of carbon monoxide, at the same time exposing 
fresh surfaces, facilitate the operation. After a certain time the action of the car- 
bon monoxide upon the nickel becomes sluggish. The mass is then heated to about 

* Bull. Soc. Chim. (1892), 434. 
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350® C. in a current of carbon monoxide, which regenerates the activity of the nickel. 
This may be done in the same apparatus, but it is preferable to use a separate appa- 
ratus connected with the first, and from which the material is returned to the first 
by mechanical means, so that each apparatus cm be kept at the same temperature. 
The carbon monoxide gas can be employed dilute, as it is obtained from gas pro- 
ducers; but since it is continuously recovered, a purer gas, such as can be cheaply 
prepared by passing carbon dioxide through incandescent coke, is more advanta- 
geous, as it extracts the nickel more quickly and requires smaller apparatus. The 
gas charged with the nickel compound leaving the apparatus is passed through tubes 
or chambers heated to about 200° C., in which the nickel is deposited. The gas 
leaving these tubes is returned to the first apparatus, and circulates continuously, 
l^om time to time the nickel is removed from the tubes in which it has been 
deposited. To facilitate this operation thin nickel sheets, bent to fit the tubes, 
are inserted, on which the nickel deposits, and which are easily taken out. The 
metal so obtained is almost chemically pure; only very rarely in the case of certain 
ores it is slightly contaminated with iron. As the nickel is deposited in perfectly 
coherent films upon heated surfaces exposed to the gas containing the nickel car- 
bonyl, it was found possible to produce direct from such gas, articles of solid nickel 
or goods plated with nickel. This result can also be obtained by immersing heated 
articles in a solution of nickel carbonyl in such solvents as benzole, petroleum, tar oils, 
etc., or by applying such solution to the heated articles with a brush or otherwise. 

Mond * observes that a mixture of the vapor and air explodes readily 
but not very violently. The pure liquid does not explode, but at high 
temperatures it decomposes. The vapor has a characteristic odor 
and is poisonous. It produces an extraordinary reduction of tempera- 
ture when injected subcutaneously, sometimes as much as 12 degrees. 
The liquid can be distilled, but not from solution in liquids of a higher 
boiling point as decomposition then occurs, finely-divided nickel being 
separated and carbonic oxide being evolved. 

When attacked by oxidizing agents, e.g., nitric acid, chlorine, or bromine or by 
sulfur, decomposition ensues, nickel salts being formed and carbon dioxide liber- 
ated. Metals, alkalies, non-oxidizing acids and the salts of other metals produce no 
change. Nickel carbonates of composition varying with the hygroscopic state of 
the atmosphere are formed by exposing the liquid to the action of the air. These 
precipitates dissolve easily in dilute acid. An intense blue coloration is obtained 
when nitric oxide is passed through a solution of nickel carbonyl in alcohol (Berthelot). 

Nickel carbonyl is very diamagnetic, and an almost perfect non-conductor of 
electricity (Quincke). All other nickel compounds are paramagnetic. It is opaque 
for rays beyond the wave length 3820, and its flame gives a continuous spectrum 
(Liveing and Dewar). 

Perkin found the power of magnetic rotation of nickel carbonyl to be greater 
than that of any other substance he has examined, except phosphorus. Mond and 
Nasini found the atomic refraction to be about 2.5 times as large as in any other 
nickel compound, and the former proved it to have great refractive and dispersive 
powers. The atomic refraction of a liquid fcrro-carbonyl bears about the same 


J. S. C. I., 1892, 750. 
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ratio to the atomic refraction of other iron compounds. This ferro-carbonyl is 
similar in preparation and properties to the nickel carbonyl, and at 180® C. the iron 
is thrown down in bright mirror-like form, carbon monoxide being liberated. Its 
composition is Fe(CO)6. 

To extract nickel from its ores Mond used an apparatus, Fig. 48, 
consisting of a cylinder divided into many compartments, through 
which the properly prepared ore is passed very slowly by means of 
stirrers attached to a shaft. On leaving the bottom of this cylinder 
the ore passes through a transporting screw, and from this to an 
elevator which returns it to the top of the cylinder, so that it passes 
many times through the cylinder until all the nickel is volatilized. 
Into the bottom of this cylinder carbonic oxide is passed, which being 
charged with nickel carbonyl vapor leaves at the top, and passes 
through the conduits shown into tubes set in a furnace, and heated 
to 200° C. Here the nickel separates from the nickel carbonyl. The 
carbonic oxide is regenerated and taken back to the cylinder by means 
of a fan, so that the same gas is made to carry fresh quantities of nickel 
out of the ore in the cylinder, and to deposit it in the tubes an infinite 
number of times. When the carbonic oxide comes out at tJie top of 



the cylinder it passes through a filter to catch any dust it may contain. 
The carbonic oxide, on escaping from the depositing tubes, is passed 
through another filter, thence through a lime purifier to absorb any 
carbon dioxide which may have been formed. By means of this 
apparatus nickel has been extracted from a great number of ores, in 
times varying, according to the nature of the ores, from a few hours to 
several days. 

A review by Mond of his experimental work on nickel carbonyl * 
is instructive. ^ 


J. S. C. I., 1895, 945. 
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Mond stated that “in the course of these experiments finely-divided nickel, 
formed by reducing nickel oxide at 400° C. by hydrogen, was treaU^d with pure (X) 
in a glass tube, at- varying temperatures, for a number of days, and was then cooled 
down in a curnmt of (>0 before it was removc'd from the tube. In order to keep 
the poisonous CO out of the atmosphere of the laboratory, we simply lit the gas 
escaping from the apparatus. To our 8uri)rise wo found that, while the apparatus 
was cooling down, the flame of the escaping gas became luminous and increased in 
luminosity as the; temperature got below 100° C. On a cold plate of porcelain put 
into this luminous flame, metallic spots were deposited similar to the spots of arsenic 
obtained with a Marsh apparatus; and on heating the tube through which the gas 
was escaping we obtained a metallic mirror, while the luminosity disappeared." 

“At the first moment we thought that there must be an unknown clement in our 
nickel giving rise to the production of this effect, but when we examined the mirrors 
we found them to consist of pure nickel. As it seemed so very improbable that so 
heavy a metal as nickel should form a readily volatile compound with CO, we puri- 
fied our CO as perfectly as possible but still obtained the same results." 

“We now endeavored to isolate this curious and interesting substance by prepar- 
ing the nickel with great care at the lowest possible temperature, and treating this 
nickel with CO at about 50° C., and thus we gradually increased the amount of the 
volatile nickel compound in the gases passing through the apparatus. We absorbed 
the excess of CO by cuprous chloride solution, and thus obtained a residue of several 
cubic centimeters, containing the volatile nickel compound mixed with a little 
nitrogen. By passing this gas through a heated tube we separated the nickel, obtain- 
ing an increased volume of gas, and found in this a quantity of CO coiTesj)onding to 
about four equivalents for one equivalent of nickel. By further improving our 
method of preparing the finely-divided nickel and by passing the resulting gas 
through a refrigerator, cooled by snow and salt, we at last succeeded in liquefying 
this compound, and were able to produce it with case and facility in any quantity 
we desired." Nickel carbonyl “is soluble in alcohol, petroleum and chloroform; 
it is not acted upon by dilute acids or alkalies, and can be readily distilled without 
decomposition. But on h(;ating the gas to 150° C., it is completely dissociated into 
its components, pure CO being obtained and the nickel being deposited in a dense 
metallic film upon the sides of the vessel in which it is heated. " 

“ For a long time, while we were engaged in investigating the physical and chem- 
ical properties of this interesting substance — which was without parallel in the 
history of chemistry — and while we were endeavoring to obtain other similar com- 
pounds with other metals, I had myself no suspicion that this substance, which was 
until then only obtainable by very careful and elaborate laboratory manipulations, 
should ever become available for industrial purposes. But the longer we went on 
preparing it for our investigations, the more easy we found it to prepare it in quan- 
tity, after we once knew exactly the best conditions for so doing. After that I 
came to the conclusion that it ought to be possible to make use of the ease with 
which nickel is converted into a volatile gas by CO, while practically all other metals, 
and notably cobalt (which is so difficult to separate from nickel by other methods), 
was not acted upon by this gas, for separating nickel from cobalt and other metals 
on a manufacturing scale, and for obtaining it in a very pure state." 

“I erected a plant on a large scale near Birmingham, and after several years of 
hard work, during which the apparatus has had to be several times reconstructed 
so as to fulfil all the conditions of this rather delicate process, we have succeeded 
in our object, and now have for sonac time produced nickel at the rate of a ton and 
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a half per week from the Canadian nickel copper matte imported into England. 
This matte, which contains about 40 per cent of nickel, and an equal quantity of 
copper, is carefully roasted to drive out the sulfur as far as possible, and is then 
subjected to the action of hydrogenous gases, either water gas or producer gas, rich 
in hydrogen, in an apparatus which is called the ‘reducer,’ the temperature of 
which is under perfect control, so that 400® C. is never exceeded. From this appar- 
atus the sqbstance, which is now reduced to the metallic state, is taken through air- 
tight conveyors and elevators into another apparatus called the ‘ volatilizer, ’ in 
which it is subjected, at a temperature not exceeding 80° C., to the action of CO 
gas.” 

“This apparatus consists of an iron cylinder, divided into numerous compart- 
ments by shelves, and provided with a stirring device, which gradually moves the 
material from the top to the bottom, while the CO gas passes through in an opposite 
direction. The CO gas, which should be as rich as practicable, we prepare by pass- 
ing pure CO 2 through incandescent coke; the pure CO 2 we make by passing the flue 
gas of a boiler or of a fire through a solution of carbonate of potash, and subsequently 
boiling the solution. The CO gas, charged with nickel carbonyl, leaving the volatil- 
izer, is passed through a series of tulws or chambers, heated to about 180° C., in 
which the nickel is deposittnl in various forms, according to the speed of the gas 
current, the richness of the gas and the existing temperature. The CO gas, thus 
almost completely freed from the nickel, is taken back by -means of a blower into 
the volatilizer, where it takes up a fresh quantity of nickel and is constantly used 
over and over, so that the quantity consumed is limited to the very small amount 
of unavoidable loss through leakage of the plant.” 

“The material under treatment is repeatedly taken from the volatilizer to the 
reducer and vice versa, by means of air-tight conveyors and elevators, until the 
amount of nickel volatilized begins to fall off. It is then roasted again to remove 
the sulfur which it still contains, and is treated by sulfuric acid to dissolve part of 
the copper. The residue, containing nickel, some copper and the other impurities 
of the matter is again subjected to the previously described treatment until the 
nickel has been extracted as far as practicable; and the ultimate residue, still con- 
taining a few per cent of nickel, is melted up into matte again. ” 

Nickel carbonyl is decomposed * by passage through a mass of pel- 
lets of metallic nickel, heated to about 200° C., causing nickel to be 
deposited and the pellets to increase in size. The apparatus con- 
sists of a vertical cylinder, in which the pellets are placed, with heat- 
ing spaces formed by an outer casing. A vertical, cooled, perforated 
tube for the gaseous carbonyl leads from the top down the center of 
the mass of pellets, nearly to the bottom of the cylinder. To prevent 
the pellets cohering, they are kept in motion by continuously with- 
drawing them from the lower end, mechanically screening them with 
the assistance of worm conveyors, and returning the small ones by an 
elevator to a feeding hole at the upper end for further treatment with 
the carbonyl. The pellets which have sufficiently increased in size 
are passed from the screen and thence through a valved opening into 
a collecting cha'tnber. 

* Mond, British Patent 1106, Jan. 14, 1898, 



NK^KEL CARBONYL 


237 


In extracting nickel by means of carbon monoxide from mixtures 
of nickel and other metals, obtained by reducing the mixed oxide with 
gas containing carbon monoxide, Fierz * displaces the carbon monoxide 
by hydrogen or removes it by suction from the presence of the re- 
duced metals while the temperature is maintained above that at which 
nickel will decompose, or combine with, carbon monoxide. The 
temperature is then reduced to that required for the formation of 
nickel carbonyl and the gas readmitted. 

Langer f describes an apparatus for obtaining nickel from nickel 
carbonyl. Vessels containing the nickel carbonyl are heated by a 
number of gas flames, each of which is situated in a chamber formed 
by ribs on the vessel and an outer casing; the liberated gases pass away 
by an escape pipe, which is surrounded by an annular cooling chamber. J 

James Dewar § remarks that the nickel carbonyl vapor at ordinary 
pressures is very unstable, its components becoming rapidly disso- 
ciated with explosion on moderate elevation of temperature, so that 
its production has hitherto been carried on at a moderately low tem- 
perature, such as 50° C. Dewar has found that under considerable 
pressure, ranging from 2 atmospheres to 100 atmospheres, the com- 
pound, either as vapor or as liquid, is much more stable, and there- 
fore higher temperatures can be used in its production, whereby the 
rapidity of process of manufacture is greatly increased. Thus for the 
gasification of the nickel a temperature of 100° C. with a pressure of 
15 atmospheres is suitable, or a temperature of 180° C. with a pres- 
sure of 80 atmospheres. The spongy nickel obtained by the reduction 
by means of water gas, if treated at the temperature and pressure 
mentioned, combines rapidly with the carbonic oxide, producing vapor 
of nickel carbonyl. This vapor, with the excess of carbonic oxide in 
which it is diffused while still under pressure, on being passed through 
tubes of a higher temperature, becomes dissociated depositing metallic 
nickel. || 

In the author’s laboratory nickel carbonyl has been extensively 
examined and has proved a satisfactory source of nickel catalyzer. 
The carbonyl readily decomposes at temperatures between 125° and 
180° C. and when decomposed in the presence of oil under some con- 
ditions the resulting nickel is very finely divided and imparts to the 


♦ British Patent 4249, Feb. 19, 1913. 
t British Patent 13,350, June 28, 1905. 

t See also U. S. Patent 815,717, Mar. 20, 1906; 825,844, July 10, 1906; and 
865,969, Sept. 10, 1907. 

§ U. S. Patent 760,852, May 24, 1904. 

II Electrochem. and Met. Ind. (1904), 291. 
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oil an inky black color. Even after standing for days or even weeks 
the nickel remains in suspension. A sample of cottonseed oil carrying 
about one-half of one per cent of nickel precipitated from nickel car- 
bonyl was exposed to the action of a current of hydrogen gas under 
practically atmospheric pressure for a period of one hour and a solid 
product 'resulted having a melting point of 47.6° C. and a refractive 
index of 1.4445. 



Fkj. 49. — Photo-micrograph of Nickel Catalyzer derived from 
Nickel Carbonyl. X 100. 

The greatest difficulty in the use of nickel carbonyl appears to be 
the removal of finer portions of the nickel precipitate from the oil 
after hydrogenation, but this may be accomplished by the observance 
of due precaution in filtration. The used catalyzer recovered by filtra- 
tion is still active and may be used until its catalytic properties are 
spent. The spent material may be regenerated more easily than is 
the case with catalyzers consisting of nickel supported on a voluminous 
carrier of inert material.* 

Another modification of the nickel carbonyl process is described 
by the author t and involves mixing the requisite amount of nickel 
carbonyl with hydrogen gas, or water gas, or other gas suitable for 
the purpose and then passing this mixture into the oil to be treated. 

* The oil is brought to the decomposition temperature of the nickel carbonyl 
under these circumstances and the metallic nickel catalyzer is liberated in inti- 
mate contact with the hydrogen gas, eflFecting a rapid hydrogenation of the oil. 

•Apparatus adapted for handling nickel carbonyl and hydrogenating oils with the 
nickel material obtained by its decomposition is shown in U. S Patent to Ellis, 
1,1)85444, Apr. 28, 1914, 
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The oil may contain, if desired, linely-divided solid material to serve as an 
attaching base for the separated nickel. In case the finely-divided or colloidal 
nickel which forms is not, after hydrogenation, readily removed by filtration, 
the oil may be boiled with an aqueous acid solution to remove such nickel mate- 
rial. 

Or the oil may be heated to about 180® C., and atomized with a mixture of 
hydrogen gas and nickel carbonyl. The nickel carbonyl may be added to the oil 
and the mixture then atomized with hydrogen gas, the temperature being regu- 
lated for the production of the active material. After such atomization the oil 
may be passed through a heated tube or over a bed of heated fragmental mate- 
rial. Also, the oil may be mixed with a small amount of nickel carbonyl and 
caused to flow downwardly through a tower containing baffles while hydrogen 
gas or other gas is allowed to flow upwardly against the downwardly flowing 
stream of oil. The tower may be heated at one or more points so as to secure 
a temperature sufficient to decomi:)ose the nickel carbonyl and then, if desired, 
the temperature may l)e modified so that the mixture on flowing through another 
portion of the tower is subjected to a temperature better adapted for the 
hydrogenation process proper. 

Nickel carbonyl also may be employed in a different way, in that it may be 
mixed with asbestos or fuller’s earth, or other similar carrier and heated to form 
catalytic nickel without resorting to direct reduction of say nickel oxide by 
hydrogen. Such a catalytic body may then be used for treating oils in the 
presence of hydrogen under suitable conditions of temperature and pressure. 

In the case of oleic; acid or other bodies which may be converted into a 
vapor form, the nickel carbonyl and hydrogen may be mixed with the vai)ors of such 
bodies and passed through a heating zone, preferably being raised to a tempera- 
ture of 180° or 200° C., or to whatever temperature under the part’cular condi- 
tions of operation is required for a satisfactory decomposition of the carbonyl 
compound into an active body. In this case also nascent nickel is liberated in 
the presence of hydrogen to good advantage.* 

Lessing f uses nickel carbonyl in the hydrogenation of unsaturated 
substances. (See page 42.) 

Fig. 49ci is a view of a hydrogenating apparatus suggested by Lessing and 
Fig. 496 represents a section of the upper portion of the hydrogenating vessel 
showing a spraying nozzle through which the liquid to be treated may be forced. 
A is the vessel in which hydrogenation occurs. The substance to be hydro- 
genated is pumped from a supply tank through a pre-heater contained in a 
tank C, into vessel A which is heated by a steam jacket. The hydrogenated 
substance is forced by the pressure from vessel A into the tank C where it is 
used as heating agent. If finished it is run off; if not finished, it is returned by 
the circuit shown. The gases enter on the right, are compressed by compressor 
i), and forced through the volatilizer Ej passing therein over reduced nickel 
The gases issuing from volatilizer E and containing nickel carbonyl then enter 
vessel A. The gases left unabsorbed and now free from nickel issue from the 

* See also U. S. Patent to Ellis, No. 1,138,201, May 4, 1916, and l,26i,202, Dec. 
25, 1917. 

t U. S. Patent No. 1,162,623, November 30, 1915. 
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vessel A through the riglit-hand outlet at. the top of A and are passed through 
cooler F and can be either discharged or returned into circulation. Any oil 
carried along with the gasc^s is deposited in the cooler F and may be run off. 
If the compound to be treated is in the state of gas or vapor, as for instance, 
in the hydrogenation of the more volatile tar oils, it is simply mixed with the 
hydrogen containing the ni(;kel carbonyl and subjected to the temperature re- 
quired for hydrogenation. Likewise in the case of a liquid some hydrogen may 
be mixed with the liquid, a spray being then formed by injector action instead 
of by liquid pressure. 

Crossley * refers tx) British patent to Lessing, 18,998, of 1912, and states that the 
process described therein apfiears to differ materially from others, more particularly 
in the novel method for brmging catalyst and oil in contact, According to this 




Fio. 496. 


process hydrogen containing 5 to 10 per cent of carbon monoxide, such as may easily 
be prepared from water-gius or the thermal decomposition of coal gas or hydro- 
carbons, is passed over reduced nickel, with formation of nickel carbonyl. The 
nickel need not be pure, but in the form of such complex mixtures as are obtained 
in the treatment and reduction of nickel ores. The mixture of hydrogen and any 
desired proportion of nickel carbonyl is then passed into the substance to be hydro- 
genated at a temperature between 200° to 240° C. when the nickel carbonyl is 
decomposed and elementary nickel, in a very pure and particularly active form, is 
produced. The proportion of nickel carbonyl required is very small, excellent 
results having been obtained with an amount equivalent to 0.1 part of nickel in 
per 100 parts of oil. Fresh nickel carbonyl is always passing into the substance 
to be hydrogenated, and the nickel is believed to act in the nascent condition at 
the moment of decomposition of the nickel carbonyl. This he states seems to be 
borne out by the fact that if the same percentage of nickel be introduced into an oil 
as nickel carbonyl, the latter decomposed and then hydrogen passed in, there is 
practically no result from the commercial point of view, 

* Pharm. Soc., Apr. 21, 1914; Pharm. J., 1914, 92 , 604, 637 and 676; J. S. C. I,, 1914, 
1135. 
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George Schicht A.*G. * recommends a form of nickel kieselguhr 
catalyzer prepared from nickel carbonyl. The carbon monoxide 
required may be obtained from water gas by the Linde-Caro process. 

The catalytic material is prepared in the following manner: Carbon monoxide 
is conducted under pressure over finely-divided nickel which is heated in a retort 
and the nickel carbonyl which is formed is cooled below its boiling-point. Puri- 
fied kieselguhr is placed in a nickel vessel, the nickel carbonyl is added and the 
mixture heated to cause metallic nickel to form by decomf)osition of the carbonyl. 
The carbon monoxide liberated is removed and can be used again to form 
nickel carbonyl. The last traces of cn-rbon monoxide or undecomposed nickel 
carbonyl whi(!h may tend to effect the progress of reduction injuriously are 
removed through treatment with hydrogen, carbon monoxide or other indif- 
ferent gas. The nickel kieselguhr material is warmed during this stage of the 
process. The produ(!t is ground with oil with exclusion of air affording an 
emulsion ” or pasty comj)osition which is used as a source of catalytic mate- 
rial. In place of oil, any suitable liquid vehicle may be used. The product is 
stated to be of such a character that when mixed with oil it does not lump together 
or deposit on the bottom of the vessel. The regeneration of spent catalyzer is 
simple, for, after the removal of the oil, it is stated that the nickel may be 
again directly converted into nickel carbonyl and decomposed as before. The 
residue of kieselguhr from which the nickel has been removed as the carbonyl 
may likewise be utilized as a carrier. 

In a publication by Coleman entitled The Nickel Industry ” 
issued by the Canadian Department of Mines, 1913, 153, a very 
complete description of operation of the nickel carbonyl process 
for producing nickel, as carried out at the Mond plant, Clydach, 
Wales, is given. 

♦Austrian Patent No. 70,771; Seifen. Ztg., 1910, 169. 
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As a catalyzer in this field palladium has received considerable 
study, for, in spite of high first cost, its pronounced effectiveness, 
together with its ability to eftect hydrogenation at relatively low 
temperatures, makes it particularly attractive. 

Many years ago, Fokin * stated that he regarded palladium as the 
most powerful of all catalyzers, having found that reduction takes 
place readily at 80° to 90° C., while with nickel, a temperature of 180° 
to 200° C. was necessary for practical hydrogenation. Fokin’s experi- 
ments at that time were concerned with electrolytic reduction. By 
this means he reduced linseed, wood, castor and cod liver oil. He 
found that while palladium black would reduce oleic acid completely 
to stearic acid, platinum black under the same conditions gave only 
24 per cent of stearic acid. 

Paal t worked with colloidal palladium preparations and hydro- 
genated castor, olive, fish oil and animal fats. He found that sesame 
oil, after hydrogenation, showed the Baudoin reaction only very 
faintly, while cottonseed oil no longer responded to the Becchi and 
Halphen reaction. Skita has worked with palladium incorporated 
with a protective colloid. 

Paal recommends t platinum or palladium chloride admixed with a 
neutralizing agent such as sodium carbonate. He states that the 
reduction of fats and unsaturated fatty acids of animal and vegetable 
origin may be effected by allowing hydrogen to act on these, in presence 
of platinum metals, or protohydroxide compounds of the latter, which 
have been deposited upon certain finely-divided substances and act as 
catalyzers or carriers of hydrogen. It has also been ascertained that 
the reduction of the fats and fatty acids may be effected by hydrogen 
in presence of solid salts of the platinum metals. Both the simple 
salts, such as palladium protochloride (PdCb), platinum protochloride 
(PtCb), platinum chloride (PtCb), platinum hydrochloride (H 2 PtCl 5 ), 
platinum sulfate and the double salts, for instance potassium 

^ ■ * Chem. Ztg. [21, 1906, 758; H), 1907, 324. 
t Ber., 41, 2282. 

t U. S. Patent 1,023,753, April 16, 1912. 
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chloroplatinate (K 2 Pt('l 6 ), copper platinochloridc, may be used. 
When the double salts arc used, care must be taken that no anticata- 
lytic substances, such for instance as lead, find their way into the 
reduction mixture. Use may be made of salts whose acid radicals or 
other constituents arc themselves reduced by hydrogen, for example 
acid platinous oxalate. In all cases the method is simple; and it is 
distinguished from those in which the finely-divided metals are used 
by the omission of the preparation of the finely-divided platinum 
metals or their protohydroxides and of the deposition on special 
carriers. 

The aaltH in a crushed condition, preferably in the state of powder, are mixed 
with the fats or fatty acids to be hydrogenate(l; and hydrogen is allowed to act on 
this mixture', with stirring, at temperatures below 100 degrees i)r(‘ferably under a 
pressure of several atmospheres. In a short time tlui solid reduction product of the 
fat or fatty acid will be obtained. All that is necessary to insure? the action of the 
solid salts of the jdatinum metals is that they must be present in the solid form 
eluring the progress of the reaction. The salts may also be added te) the fats in a 
elissolved conditie)n (for example' in aqueous solution), the solvent being evaporated 
before e)r at the beginning of the reduction process. A suspemsion of the solid salts 
may also be used. For example, the salts of the platinum rru’tals may bo triturated 
with a portion of the fat or oil that is to be reduced, the' mixture being then added 
to the main portion of the fats or fatty acids to he reduced. Or a suspension of 
the salts in mineral oil may be prepared, and this mixture may be added to the sub- 
stances that are to be reduced, in which case the suspensory medium may be elimi- 
nated during the proce.ss of reduction. A single salt of a platinum metal may be 
used, or several salts, and even several platinum metals may be mixed together; 
and the salts may also be used in conjunction with the platinum metals which have 
been deposited on carriers, devoid of anticatalytic action, such as copper, or mag- 
nesium carbonate. It is probable that, during tlu' process, the salts of the platinum 
metals arc split up into metal and free acid, for example; 

PdCla + IL =Pd + 2HCl. 

In any case, however, the solid platinum metal salts greatly facilitate the absorp- 
tion of hydrogen by fats and fatty acids. Very small quantities of the platinum- 
metal salts are sufficient to reduce large quantities of fat or fatty acids in presence 
of hydrogen. When the reduction process is completed, the platinum metals or 
their compounds can be easily separated from the reduced fat or fatty acid by filtra- 
tion, and used again. 

To prevent the formation of free acid, as, for example, hydrochloric acid from the 
chlorides of the platinum metals, in the reducing process, there is added to the 
powdered platinum salt a neutralizing agent, such as anhydrous soda, in sufficient 
quantity to combine with the liberated acid. The employment of salts of the 
platinum metals assists the reduction process considerably more than is done by 
palladium black or platinum black containing an amount of platinum metal equal 
to that in the platinum metal salts used in the pre^nt method. Thus, for example, 
1.7 parts of PdCb ( « 1 part of Pd) in presence of hydrogen will convert 10,000 parts 
of fat or fatty acid into solid masses within 3 or 4 hours. If, however, the PdCh bo 
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replaced by a quantity of palladium black containing the same amount of palhidium, 
then, with a ratio of 1 part of Pd to 10,000 parts of fat or fatty acid, these substances, 
according to Paal, will remain liquid, even when the palladium and hydrogen are 
allowed to act for twice or three times as long as with PdCh. 

Paal notes that the time required for the reduction depends on the amount of 
the platinum metal salt used, and on the pressure under which the hydrogen is 
allowed to act. By using a palladium salt as the hydrogen carrier, about 50,000 
parts of fat or unsaturated fatty acid can be hydrogenated within from 6 to S hours 
with a quantity of salt, for example, PdCb, corresponding with 1 part of Pd. 

Paal gives the following example: One million parts by weight of castor oil or 
oleic acid are treated with thirty-four parts by weight of dry palladium protochloridc 
( = 20 parts of Pd) in the form of powder, with or without the equivahmt amount of 
anhydrous soda; or with 140 parts by weight of dry platinum protochloride (= 100 
parts of Pt) in the form of powder; or 172 parts of platinum chloride; or 230 parts 
of platinum hydrochloride, with or without addition of an equivalent amount of 
anhydrous soda. The mixture is placed in a pressure vessel, from which the air 
is exhausted as completely as possible, and hydrogen is then admitted into the 
vessel under a pressure of 2 to 3 atmospheres. The reduction mixture is kept in 
motion by a stirring apparatus. The vessel is heated to about 80° C. although the 
reduction may also be carried out at a lower temperature. The progress of tht; 
reduction and the consumption of hydrogen is revealed by the fall in pressure as 
indicated by the pressure gauge. When the gauge registers only a low pressure, 
a fresh quantity of hydrogen is admitted. The completion of the reduction process 
can be recognized by the gas pressure remaining constant for some considerable 
time. When the reduction is ended, the reduction product is freed from the catalyzer 
in a filter press which is adapted to be heated. 

The work in the field of catalytic reduction of organic compounds 
has been rather comprehensively covered in a publication by Skita 
entitled ‘‘ Uber Katalytische Reduktionen Organischer Verbindungen 
(Stuttgart, 1912). Skita has taken out a patent assigned to Boeh- 
ringer and Son * which is concerned with the hydrogenation of organic 
compounds with the aid of catalyzers consisting of salts of the plati- 
num group of metals. The protective colloid previously employed 
he now finds to be unnecessary. He states he has found that an un- 
saturated substance can be hydrogenated when there is added to it, 
or its solution or suspension, a small amount of palladium chloride 
or any other soluble salt of a platinum metal and the whole exposed 
to hydrogen, most advantageously under pressure. The addition of 
an acid is usually advantageous in this operation and hydrochloric 
acid is recommended; but with fatty bodies it suffices merely to add a 
simple aqueous solution of a compound of a metal of the platinum 
group. As an example, he states, that 50 grams of olive oil may be 
suspended in a solution containing about 0.05 gram of platinum 
chloride, 20 cc. of alcohol, 50 cc. of water and 8 cc. of dilute hydro- 

* U. S. Patent 1,063,746, June 3, 1913. 
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chloric acid. After treatment with hydrogen at a pressure of about 
4 atmospheres and at a temperature of 70° C. a solid fat results. 
In another example about 250 grams of castor oil is well mixed 
with a solution of about 0.05 gram of palladium chloride in 5 cc. of 
water. The whole may then be treated at about 70° C. in an auto- 
clave with constant stirring, with hydrogen under a pressure of 4 
atmospheres. After two and one-half hours the oil will be found so 
far hydrogenated that it will solidify to a hard mass on cooling.* 

In an address before the Chemical Society of Karlsruhe Dr. Skita 
made the following comments on the hydrogenation of organic 
material.f 

He stated that the acceleration which various reactions experience 
in the presence of catalyzer is the more rapid the greater the surface 
of the catalyzer. As a result a catalyzer in solution is always more 
active than is the case when the catalyzer is in a finely-divided or pre- 
cipitated state. This especially is true with metals of the platinum 
group which exert an action of a very marked character when in solu- 
tion in the colloidal condition. 

Colloidal platinum was first produced by Bredig by the action of an 
electric current on metallic platinum in aqueous or ethereal solution. 
Bredig recognized the property which these colloidal solutions pos- 
sessed of serving as a carrier for hydrogen and he in fact reduced 
nitrous acid to ammonia. Such colloids are not reversible, that is to 
say if the colloidal solution is evaporated to dryness the metal will 
not again go into solution. A metal colloid which is easily soluble in 
water was discovered by Paal who made use of a water-soluble pro- 
tective colloid, namely, the sodium salts of protalbinic or lysalbinic 

* The hydrogenation of unsaturated substances is effected, according to Skita, 
by treatment with hydrogen in the presence of small quantities of compounds of 
metals of the platinum group in solution. The substances to be hydrogenated may 
be dissolved or suspended in a liquid (French Patent 447,420, Aug. 20, 1912; also 
British Patent 28,754, Aug., 1912, and addition to the latter Patent 18,996 (1912). 
A solution of palladium chloride acidulated with dilute hydrochloric acid was 
used by Skita as a catalytic solution for the treatment of camphene. Hydrogen was 
used under a pressure of one atmosphere. . The hydrogenation of olive and castor 
oil in this manner is described. In the addition patent Skita states that the employ- 
ment of dilute acid is not always necessary since in many cases the reaction can be 
carried out simply by passing hydrogen through a mixture of the substances to be 
reduced and a solution of the salt. J. S. C. I., March 15, 1913, 253. 

Skita (Chem. Zeit. Rep. (1913), 680; British Patents 18,996, 1912, and 16,283» 
1913) carries on reduction processes without the addition of any acid to a solu- 
tion of a salt of the platinum group and also mak^ use of colloidal solutions of an 
hydroxide of the platinum group as a catalyzer. 

t Seifen. Ztg. (1913), 960. 
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acids, to maintain tlie metallic platinum or palladium in a water- 
soluble condition.* 

With colloids of this character prepared from palladium Paal suc- 
ceeded in adding hydrogen to a large number of unsaturated aliphatic 
compounds which were soluble in water or dilute alcohol. For the 
reduction of many organic compounds, such as acids, bases and hydro- 
carbons, the presence of acid material is of importance and accordingly 
Skita has used an acid-stable protective colloid such as gum arable in 
place of the sodium salts mentioned above. If gum arabic is added 
to a solution of platinum chloride, no platinum hydroxide is precipi- 
tated when carbonate of soda is added to the solution, for the platinum 
remains suspended in the colloidal condition. 

By careful evaporation platinum compounds may be obtained as 
black plates or scales which are soluble in water and dilute acids. 
When these colloidal solutions of the hydroxide are agitated in the 
presence of hydrogen a very acid-resistant form of colloidal platinum 
results. On evaporation a form of platinum is obtained which is 
easily soluble in water. All such platinum and palladium compounds 
are eminently adapted to catalytically transfer hydrogen to unsatu- 
rated material contained in an acid or neutral vehicle. It is especially 
easy to add hydrogen to the double bonds of aliphatic and hydrocyclic 
hydrocarbon compounds. This is the case as regards the reduction 
of alkaloids. 

Another interesting observation is that very stable colloidal solu- 
tions of platinum may be obtained readily by passing hydrogen 
through such colloidal solutions of platinum containing gum arabic, 
even when the solution is cold. In a similar manner colloidal solu- 
tions of palladium are produced from palladium chloride. 

Finally it may be mentioned that in this way hydrogen may be 
added to aromatic and heterocyclic compounds which cannot be 
hydrogenated with platinum black catalyzer. f 

* Colloidal solutions of gold, silver, platinum, palladium, copper, lead, iron, zinc, 
tin, nickel, aluminum, magnesium, bismuth, antimony and cadmium, respectively, 
have been prepared with great ease by an electrical disintegration method, using 
a high-frequency alternating arc, the leads to which were taken from two points 
on the inductance of the oscillatory circuit of a Poulsen arc as used in wireless teleg- 
raphy. By varying the conditions it was possible to obtain currents of from 0.14 
to 15 amperes and E.M.F. of 480 to 4080 volts, and colloidal solutions showing 
a wide range of colors were thus obtained from a number of the metals. (Morris- 
Airey and Long, Proc. Univ. Durham Phil. Soc. (1912-1913), 6, 68; J. S. C. I. (1913), 
1015.) 

t In his dissertation entitled “ Uber katalytische Hydrierungen organischer Ver- 
bindungen piit kolloidom Palladium und Platin,” Meyer draws the following con- 
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Colloidal suspensions of the metals * have proved excellent cata- 
lyzers, effecting many of the reactions which are brought about by 
enzymes. The analogy between the action of the finely-divided metals 
and the organic enzymes is strikingly illustrated by the behavior of 
poisons on the two. The same substances which poison the ferments 
and which retard the rate at which they decompose hydrogen dioxide, 
also poison platinum and retard the rate at which it effects the same 
decomposition. Thus mercuric chloride and hydrocyanic acid in 
the merest traces poison the organic enzymes. The same quantities 
produce almost exactly the same effect on the finely-divided metals, 
with respect to their power to decompose hydrogen dioxide.f 

elusions. Methods of reduction depending on the use of a solution of palladious 
chloride and gum arabic in water-alcohol mixture, forming colloidal palladium with 
hydrogen, do not progress satisfactorily unless bodies are present which are capable 
of forming addition compounds with palladious chloride. The action of hydrogen 
on a hot solution of palladium chloride and a protective colloid gives rise to a colloidal 
solution of palladium. PYom colloidal palladium or platinum solutions using gum 
arabic or gelatine as a protective colloid, the corresponding reversible metal colloid 
is obtained. With the aid of gum arabic or gelatine as a protective colloid it is 
possible to obtain permanent colloidal solutions of palladium and platinum hydrox- 
ide. By careful evaporation and drying of these colloidal solutions solid products 
are obtained which may be brought again into colloidal solution by peptization. 
Stable colloid solutions of palladium may be advantageously obtained by the reduc- 
tion of dialyzed colloid palladious hydroxide solutions. For the production of a 
colloidal solution of platinum it is recommended that reduction of chlorplatinic acid 
by hydrogen in the presence of a protective colloid be employed, in which case the 
mixture should first be inoculated with small amounts of colloidal platinum or 
palladium. Colloidal solutions of platinum and palladium with gum arabic or 
gelatine as a protective colloid are well adapted to the hydrogenation of olefine 
bodies. The hydrogenation of aromatic bodies with colloidal metallic platinum is 
possible only in strong acetic acid solutions. The hydrogenation of aromatic bodies 
is carried out more easily with platinum than with palladium. While gum arabic 
is suitable for use as a protective colloid with platinum or palladium in the hydro- 
genation of certain organic bodies, it is found that gelatine under some conditions 
acts as a catalyzer poison. Vulcanized rubber also affects the activity of the cata- 
lyzer. The inoculation method for the production of colloidal solutions of platinum 
affords a convenient laboratory procedure for the hydrogenation of aromatic bodies 
as the formation of the colloidal solution and the process of hydrogenation follow 
one another quickly. The hydrogenation of aromatic bodies using colloidal platinum 
as a catalyzer progresses three or four times quicker than when platinum black is 
employed. See also J. S. C. I. (1913), 46, and Ber. (1912), 45 , 3379. 

A solution of colloidal platinum is capable of causing the union of hydrogen and 
oxygen. (Ernst, Zeitsch. physikal. Chem. ( 1001 ), 37 , 448.) Ethylene unites with 
hydrogen even in the cold, in the presence of platinum sponge. (Dc Wilde, Ber. 7, 
354.) 

* Jones, A Now Era in Chemistry. 

I Measurements have shown that the decomposition of hydrogen dioxide by metals 
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Karl * has studied with considerable care and in a quantitative way 
the action of palladium supported on various bodies. He found that 
palladium precipitated on finely-divided nickel or magnesium proved 
effective catalytically, while if precipitated on lead, aluminum, iron, 
or zinc, little or no hydrogenation was effected, owing to the anti- 
catalytiq action of these metals. While metallic zinc is anticatalytic, 
zinc oxide and carbonate have no such effect. In these investigations 
Karl worked principally with fish, cotton and castor oil and oleic acid.f 

is a reaction of the first order, that is, the metal, strictly speaking, does not enter into 
the reaction at all, only the mass of hydrogen dioxide present undergoing change. 

A hydrogenizing ferment in the animal organism capable of transforming nitro- 
benzene into aniline has been observed by Abelous and Gerard (Comptes Rend., 
130 (7), 420). A clear aqueous extract of horse's liver, in presence of chloroform 
and in an atmosphere of hydrogen, reduced nitrobenzene to aniline, while the same 
extract, previously boiled, was without action. Abelous and Gerard have previously 
shown (J. S. C. L, 1899, 871) the deoxidizing action of this ferment, but have had 
no instance of hydrogenation under its influence. (See also Chandler, J. S. C. I., 
1913, 73.) 

* Inaugural Dissertation, Erlangen, 1911. 

t Paal and Karl (Ber, (1913), 3069; Chern. Ztg. Rep. (1913), 642) tested palla- 
dium on various carriers as catalytic material for hardening fats and have found 
that the oxides, hydroxides and carbonates of lead, cadmium, zinc, aluminum and 
iron have an anti-catalytic action similar to the metals which they contain. The 
corresponding compounds of nickel and cobalt, and also magnesium oxide, were in- 
vestigated. These carriers were coated with palladium by mixing with a solution 
of palladium chloride in a weak aqueous solution of hydrochloric acid at room temper- 
ature, or slightly warmed. Palladious hydroxide was thus precipitated and reduc- 
tion was obtained by treatment of the powder, which was first moistened with 
ether, to the action of hydrogen at room temperature. The catalyzer was mixed 
with fatty material without permitting contact with the air and reduction was 
carried out in an agitator in an atmosphere of hydrogen. Magnesium oxide did 
not retard the catalytic action of palladium. In fact, the reduction process appeared 
to be somewhat increased by the presence of this material. 

Paal and Windisch carried on similar experiments with platinum. (Ber. (1913), 
4610.) Metal powders of various sorts were purified with alcohol and ether and then 
platinized by shaking with a solution of chlorplatinic acid. Metallic oxides and 
carbonates were platinized by the action of sodium carbonate and hydrazine hy- 
drate on a solution of chlorplatinic acid containing the oxide or carbonate in suspen- 
sion. These products as catalyzers in the hydrogenation of cottonseed oil were 
found to have differing degrees of catalytic action, and only nickel and magnesium 
had no influence on the activity of the platinum. The platinum was much less 
active in the presence of aluminum, cobalt and bismuth, and was rendered completely 
inactive by iron, copper, zinc, silver, tin and lead. Of the oxides and carbonates 
examined, only the magnesium compounds were without influence. 

Wieland (Ber. (1912), 45 , 2615) considers palladium black less sensitive to 
"poisons" than pjatinum black, for in presence of the former a sample of benzene 
containing thiophen absorbed hydrogen at a noticeable rate although not so rapidly 
as pure benzene. 
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A long list of salts available as catalyzers is given in German Patent 
260,885 * embracing the sulfates, nitrates and chlorides of platinum 
and palladium, and double salts of these with alkali chlorides and 
other chlorides, also certain complex compounds of these metals. 
The salts are added in an undissolved state directly to the oil to be 
hardened and subsequently a neutralizing agent also undissolved is 
added. The temperature is maintained below 100° C. When em- 
ploying double salts care should be taken to have no anticatalytic 
substan(;es, such as lead, present in the mixture. Salts, such as acid 
oxalate of platinum, whose acid radical is capable of reduction, may 
be used.! If necessary, a solid neutralizing agent may be added (cf. 
Paal). 

The Seifenseider Zeitung, 1912, 550, makes mention of a German 
Patent application for a process of making hardened fats, using as 
catalyzers platinum and platinum hydroxide in the form of precipi- 
tates and on inert carriers in place of the corresponding compounds of 
palladium. 

In order to avoid the accidental ini roduction of air or mercury when reducing 
by means of hydrogen and colloidal platinum a special apparatus has been constructed 
by Starl: (Ber. 1913 (40), 2335). It consists of a glass vessel with two necks, each 
providt'd with a glass stopcock. A small funnel with a stopcock is fuseni into the 
ui)])er part of the vessel between the two necks. One neck is connected with the 
source of hydrogen, tlie other with a graduated gas burette and mercury reservoir. 
The substance to be r(Mluccd is placed in the glass vessel and a current of hydrogen 
])ass('d through. At this stage the burette and reservoir contain no mercury. The 
hydrogen supply is then cut off and mercury is poured into the reservoir from which 
it flows and partly fills the burette. By lowering the reservoir a solution of platinum 
or palladium can be introduced through the funnel with the stopcock without ad- 
mitting any air. 

Lehmann carries out the hydrogenation of oils or unsaturated fatty 
acids by passing hydrogen through oil containing a small amount of 
osmium tetroxide, while the oil is being heated. Osmium dioxide 
forms from the tetroxide, producing a colloidal solution which can be 
removed by animal charcoal. In one experiment 10 grams olive oil 

Cf. Windisch, Ueber die Hydrogenisation ungesiittigter organischer Verbindun- 
gen durch Platin und Palladium-wasserstoff und die antikatalytischo Wirkung von 
Fremdstoffen auf den Hydrogenisierungsprozess. Erlangen, 1913. 

Dissertation: Schwarz, Erlangen, 1913, publishes work on colloidal platinum 
and the effect of anti-catalytic bodies. J. v. Bergen, Karlsruhe, 1913, gives results 
of work with palladium hydrosols. 

* Seifen. Ztg., 1913, 851. 

t Fokin has used the compound PdClt.2 NaCl as a catalyzer (Russian Patent 
22,629, Sept. 30, 1912; Chem. Ztg. Rep., 1914, 40). 
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with 0.05 gram osmium tetroxide produced in hours a fat of melting 
point 39° C. It is not necessary to use hydrogen under pressure.* 

Besides palladium and platinum the metals iridium, rhodium, 
ruthenium and osmium arc specified as catalytic matcriaLf Madina- 
veitiaj has studied the catalytic activity of ruthenium, rhodium, iridium 
and osmium black. 

In connection with the volumetric determination of hydrogen by 
catalytic ab.sorption in a solution of sodium picrate and colloidal pal- 
ladium Paal and Hartmann § note that oxygen and unsaturated hydro- 
carbons must be removed, for in pn^sence of palladium, hydrogen 
reacts with them to form water and paraffin hydrocarbons respectively; 
and carbon monoxide should also be removed, as it acts as a poison ” 
on the catalyst, and greatly retards the absorption. 

Colloidal solutions of hydroxides of metals of the platinum group, obtained by 
treating a solution of a salt of the metal with sodium carbonate in presence of gum 
arabic, arc found by Skita (British Patent 16,283, July 1.5, 1913) to be efficient hydro- 
gen carriers in the hydrogenation of unsaturated compounds, the reaction l)eing 
possible even in neutral solutions. In this manner it is stated that unsat, urattnl 
fatty acids or fats can be hydrogenated to any degree. For example, a hard fat 
is obtained by passing hydrogen at a pressure of seven atmospheres into a mixture 
of 50 parts (by weight) of peanut oil and 60 i)arts of a colloidal solution of palhir 
dious hydroxide, containing about 0.07 part of the hydroxide, at a temperature of 
60° C. 

♦ Arch. Pharm. (1913), 152; Seifen. Ztg. (1913), 418. 

t Vereinigte Chemische Werke A. G. French Patent 425,729 (1911); Seifen. Ztg. 
(1912), 390. 

In using platinum or palladium the following example is given: 1000 kilos castor 
oil are mixed with 1 kilo of catalyzer which contains 1 per cent of palladium or 
2 per cent platinum either in the metallic state or in the form of the lower hydroxide. 
This mixture of oil and catalyzer is placed in a closed receptacle equipped with an 
agitator. Any moisture present is removed as completely as possible and then 
hydrogen is introduced, creating a gas pressure of 2 to 3 atmospheres. The contents 
of* the receptacle are heated to 80° C. and the agitator put into operation. Hydro- 
gen is introduced as required. The hydrogenation of fatty acids may be carried 
out in a similar manner, but care should be taken to use catalytic material contain- 
ing palladium or platinum which is not attacked by acids. One composition men- 
tioned for the purpose is prepared by mixing barium chloride with palladium or 
platinum chloride to which is added sodium sulfate and some hydroxylamine or 
other reducing agent. For the production of oleic acid one part of catalyzer carry- 
ing 1 per cent of palladium or 2 per cent platinum is used to 1000 parts of the fatty 
acid. 

Palladium in various metallic forms as a catalyzer is mentioned in Seifen. Ztg. 
(1914), 7, as forming a basis of a patent application by the Naamlooze Vennootschap 
Ant. Jurgens Vereenigde Fabrieken. See German Patent 272,340, 1912. 

} Chem. Abs., 1914, 1106. 

§ Ber. (1910), 43 , 243. 
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Thron * adds hydrogen to unsatiiratcd bodies with the aid of a 
finely-divided metal of the platinum group and formic acid. The 
latter is split by the platinum metals by catalytic action into carbonic 
acid and hydrogen, the latter, it is stated, causing the formation of a 
compound of the platinum metal and hydrogen (hydride of the plati- 
num metal). By adding to the substance to be hydrogenized formic 
acid and, for example, palladium black, the development of carbonic 
acid begins at once, while hydrogen is combined with the unsaturated 
bodies present. 

A platinum catalyzer used by Porter (U. S. Patent 684,863, Oct, 22, 1901) for 
igniting combustible gas is prei>ared by mixing platinum black with the oxide of 
zirconium in about the proportion of twenty-five per cent of platinum to seventy- 
five per cent of zirconium oxide. To prepare this, the platinum in a state of solu- 
tion is mixed with the oxide of zir(;oniura and the liquid is evaporated, leaving the 
platinum compound distributed throughout the mass. This is then applied to some 
incombustible substance, such as asbestos or mineral wool, which forms a convenient 
support for the substance. After heating, the platinum remains in a finely-divided 
state, de Montlaur used mica as a support for platinum, Zeitsch. f. angew. Chem. 
(1914), 61, No. 7. 

A catalyzer capable of bringing about reaction between air and ammonia to form 
nitric oxide has Imm proposed by Schick (U. S. Patent 971,149, Sept, 27, 1910) 
and is based on the u,se of platinum coated on a suitable carrier such as quartzite, 
porcelain and the like. The spongy form of platinum is not useful for the pur- 
pose, owing to undesirable side reactions taking place in the center of the spongy 
mass. Accordingly a very thin surface layer of platinum is deposited on the carrier, 
and to get a coating of sufficient thickness the carrier is coated with a glaze such as 
a mixture of felspar and an alkali that will soften easily when heated. The platinum 
material is then baked on the carrier in the presence of this glaze which brings about 
the formation of a uniformly thin layer of the metal. A temperature of 1400® C. 
is used. 

In discussing the properties of platinum as a contact material for igniting com- 
bustible gas, Perl (U. S. Patent 615,363, Dec. 6, 1898) states that after the dis- 
covery that finely-divided platinum did not fulfil the requirements, the endeavor 
was made to increase the effect of the finely-divided platinum by mingling the same 
with different porous bodies, according to the suggestion of Liebig (Pogg. Ann., 
Vol. 17 (1829), 107). Dobereiner (Journ. Praktischer Chernie, 1839, Vol. 17, 158) 
went further and prepared finely-divided platinum within the pores of natural or 
artificial meerschaum or clay. Perl regards a method of this character to bring 
about the formation of chloride of magnesium or other earths, because by reduction 
of the platinum salts which are in the pores of the employed material a part of the 
latter is always transformed by the action of the acids freed from the platinum 
salts (chiefly hydrochloric acid) into compounds which are injurious on account of 
their hygroscopic properties, and which act as fluxes, causing the igniting material 
to become denser and more impenetrable for the gas after a short time. To meet 
these objections Perl proceeds as follows: 

Porous combustible material is thoroughly mingled with a solid or dissolved 
platinum salt. The mixture is dried at a moderate temperature, and the platinum 
♦ U. S. Patent 1,077,442, Nov. 4, 1913.^ 
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is* reduced in the pores of the incombustible material by bringing the mixture to a 
high degree of heat in a covered crucible until the hydi’ochloric acid or the vapors 
of any other acid have disappeared. The same result is also brought about by 
heating the mixture in a reducing gas flame. The residual salts arc now extracted 
with diluted hydrochloric acid and subsequently with water until all trace of any 
soluble salts removed. 

Efrem (British Patent 14,339, 1899; J. S. C. I., 1900, 72G) and Chem. Fab. vorm. 
Goldenbcrg (British Patent 618, 1900; J. S. C. L, 1901, 250) employ clay and simi- 
lar supporting material for platinum in preparing catalytic material. (See also 
British Patents 6448, 1905; J. S. C. I., 1906, 432 and 10,729, 1901; J. S. C. I., 1902, 
548.) 

C. E. Munroe (U. S. Patent 724,317, March 31, 1903) produces a form of plat- 
inum contact material active in oxidation processes by causing the formation upon 
perforated sheets or disks of asbestos and upon sheets or disks of perforated metal 
or woven wire of a coating of finely-divided platinum, kbr instance, a perforated 
sheet of asbestos is immersed in an alcoholic solution of ammonium chloride and 
then in an alcoholic solution of platinic chloride, or, if prt^fi'rred, the sheet may be 
first immersed in the platinic chloride and subs(*quent]y in the ammonium chloride, 
forming upon the surface of the asbestos a crystalline precipitate of ammoniuin- 
platinic (ihloride. When the precipitate has been formc'd, the slieet of asbestos is 
heated. The heat acts first to drive off the alcohol and then decomposes the double 
platinum salt, leaving the metal in a very finely-divided state. 

Paal and Amberger * describe the production of preparations of a 
greasy consistency containing inorganic metal colloids of the platinum 
group, consisting in incorporating solutions of the divalent salts of the 
metals of the platinum group with bodies maintaining colloids in 
the colloidal state (protecting colloids) especially with wool fat or the 
alcohols obtainable therefrom by saponification, and adding a carbon- 
ate of an alkali to form the colloidal lower hydroxides of the metals 
employed. They note that preparations containing combinations of 
the divalent salts of the metals of the platinum group in a colloidal 
condition can be obtained, if, instead of the alkali carbonates used 
above, the alkali salts of certain weak organic acids are selected, for 
instance, the salts of the higher, saturated, or unsaturated, fatty 
acids (soaps). In this way there are produced in the presence of 
solutions of the metal salts, for instance, of divalent palladium, or 
platinum, triturated with wool fat, products which contain the corre- 
sponding palladium, or platinum, salts dissolved in colloidal form in 
the wool fat. 

If, according to Paal and Amberger, wool fat be impregnated with a concentrated 
aqueous solution of palladious chloride (PdCh) and the mass be then triturated with 
equivalent quantity of potassium olcate in concentrated aqueous solution, the 
salts mutually decompose with formation of potassium chloride and palladious 
oleate which remans dissolved in colloidal form in the wool fat. As the palladious 
chloride is difficultly soluble in pure water but readily in hydrochloric acid it is dis- 
, .J * U. S. Patent 1,077,891, Nov. 4, 1913. 
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solved in the latter and the acid is neutralized before triturating the liquid witn, 0 !f^K, 
fat by means of an amount of sodium carbonate equivalent to the hydrochiiii|ip^ , 
acid used. The neutral PdCla then remains dissolved in the liquid. » 

In order to obtain a preparation containing about 25 per cent colloidal palladious 
oleate 0.85 part of palladious chloride PdCl* * 0.5 part of palladium are dis- 
solved with the application of heat in 0.45 part of fuming hydrochloric acid (38 per 
cent HCl) and 2 parts of water, and the hydrochloric acid is neutralized by the addi- 
tion of 0.3 part of anhydrous soda either solid or dissolved in 0.7 part of water. 
The solution of PdCh thus obtained is then triturated intimately in small portions 
with 9.5 parts of wool fat softened at a gentle heat. Into the body thus obtained 
are then stirred, also in small portions, 3.5 parts of potassium oleate dissolved in 
15 parts of water. The formation of the palladium oleate is detected by the fact 
that the greasy mass colored red-brown by the palladious chloride becomes, on 
being triturated with the potassium oleate, first yellow-brown, then gray-brown and, 
after being allowed to stand some considerable time, black-brown. To purify the 
product it may be either treated repeatedly with hot water at from 50° to 60° C., 
and the mass exposed in vacuo at from 40° to 50° C., for the purpose of removing 
the water; or the original product may be dissolved in from 5 to 6 times its vol- 
ume of petroleum ether of low boiling point, the greater part of the by-products 
remaining undissolved and the red-brown liquid organosol being dried with calcium 
chloride or dehydrated sodium sulfate. In this case a further part of the by-products 
separates along with the water. The petroleum ether is then distilled off from the 
liquid freed from the drying agent. The colloidal palladium oleate can be enriched 
in the "ointment” body by solution in petroleum other and precipitation with 
alcohol. A product is thus obtained containing about 70 per cent of colloidal 
palladium oleate, which like the 25 per cent preparation, is absorbed as organosol by 
all organic substances dissolving wool fat. Instead of a palladious salt, a platinous 
or other salt of the platinum group can be used, for instance, the salt of divalent 
platinum resulting from the reduction of the platinochloride-hydrochloric acid with 
sulfur dioxide. Wool fat impregnated with platinous salt, when acted on by an 
aqueous solution of potassium oleate, forms a colloidal platinous oleate (Ci 8 H 3302 ) 2 pt. 
A mixture of the wool fat alcohols obtained from wool fat by saponification can be 
used in the same manner as wool fat. The wool fat alcohols are in their properties 
very similar to the wool fat itself and the mixture of alcohols obtained therefrom by 
saponification presents a still greate;r affinity for water than wool fat. The wool 
fat alcohols have a more solid consistency than the wool fat.* 

Meyer t reports an experiment on the hydrogenation of olive oil 
with a colloidal palladium hydroxide solution containing 0.2 gram 

* Amberger (Kolloid-Zeit. (1913), 13 , 310) has prepared organosols of palladium, 
platinum, palladious hydroxide, palladium oleate and platinous hydroxide. In the 
preparation of the metallic organosols, hydrazine hydrate was used as a reducing 
agent. The palladium organosols (8 : 9 to 16 per cent Pd) had pronounced catal 3 d;ic 
activity; small quantities dissolved in fatty oils were capable of transferring hydro- 
gen to the unsaturated glycerides of the oil, with the formation of so-called hardened 
oils. The platinum organosols contained 8.14 to 18.4 per cent Pt. The hydroxide 
organosols were prepared by the interaction of the corresponding chlorides and sodium 
carbonate and the palladium oleate organosols from the chloride and potassium 
oleate in presence of wool fat. (J. S. C. I. (1914), 41.) 

t Dissertation, Karlsruhe, 1912. 
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palladium and 0.34 gram gum arabic in -100 cc. Two volumes of 
olive oil to one volume of the colloidal solution were heated and agita- 
ted in an autoclave at a temperature of 70° to 80° C. under a hydrogen 
pressure of 6 atmospheres. Hydrogen was added to replace that 
absorbed. After one-half hour no further absorption of hydrogen 
could be noted, but the agitation was continued for 2 hours. The fat 
was then separated from the colloidal solution and boiled with water. 
A solid fatty product was obtained. 

For the purpose of combining hydrogen with nitrogen to make 
ammonia the Badische Anilin & Soda Fabrik * recommend cerium and 
a “ promoter ” as a catalytic agent. 

With some exceptions, compounds of the alkali metals and the alkaline earth 
metals are said to act as promoters of the catalytic power. Also oxides of the rare 
earth metals, tantalum and niobium, as well as silica, may be employed as promoters. 
As a general rule those metals or compounds of the metals which yield oxides and 
salts which are non-reducible by hydrogen are suitable for use as promoters. On 
the other hand, the metalloids, such for instance as sulfur, selenium, tellurium, 
arsenic, phosphorus, and also the easily fusible and easily reducible metals, such for 
instance as lead, tin and zinc, generally act as contact poisons, whether the element 
be added or be present as such or in the form of a compound. 

The following example is given. Take metallic cerium which has been prepared 
electrolytically and is in the condition of small grain.s, and mix it with about two 
per cent of its weight of powdered potassium nitrate, and then place the mixture 
in the contact tube. On pavssing a mixture of hydrogen and nitrogen through the 
tube, while heating, a catalytic agent is obtained which is said to give about three 
times the yield that the untreated cc^rium affords. 

On account of the high price of osmium and ruthenium or their compounds they 
are used by the Badische Co. f for catalytic purposes on special carriers, in order to 
secure the greatest possible surface action. This is effected by solutions of their 
compounds such as alkali osmate and alkali ruthenate. The resulting contact 
masses can be employed either directly or after previous special treatment, such 
as heating, action of alkalies, acids, or reducing agents, etc. Asbestos, oxide of 
magnesium or aluminum, pumice stone, meerschaum, clay, cement, kieselguhr, 
metals, coal, etc., find application as carriers. For example, granulated meer- 
schaum is saturated with a solution of jrotassium osmate in dilute potash lye, 
and the water evaporated in vacuo, so that 2 to 5 per cent of osmate remains 
upon the carrier. 

In order to prevent the aggregation of a colloidal compound such as palladium 
hydrate and the like, it has been suggested J to use a solid fat in which the 
colloidal particles are fixed so that the organosol is rendered stable. The upe 
of a solid fat of low iodine number such as is prepared by hydrogenation and 
preferably one which has been completely saturated with hydrogen enables such 
metallic organosol, especially metal catalyzers, to be preserved over an indefinite 
period. 

* U. 8 . Patent l', 068, 908, July 29, 1913. 

t German Patent No. 292,242, Decemljer 22, 1912. 

t KalleA Cp., German Patent No. 284,319, March 1, 1914. See also German Patents 
268^11 a5iii|i;2Jf|?;620 Chem. Abs., 1916, 26X8, 
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Colloidal palladium used by Albright* in determining the hydro- 
gen numl)er of essential oils was a coinmerical product,! and the 
following is the manner of its preparation.! 

A solution of a palladium salt is added to a solution of an alkali salt of an 
acid of high molecular weight, in this case the sodium salt of ])rotall)inic acid 
(an egg albumin decomposition product). An excess of alkali dissolves the pre- 
cipitate formed and the solution is said to contain the palladium in the form of 
a hydrosol of its hydroxide. This solution is purified by dialysis and the hy- 
droxide reduced with hydrazine hydrate. On further dialysis and evaporation to 
dryness there is obtained a water-soluble product consisting of colloidal palla- 
dium and sodium protalbinate in the form of black shining lamellse, which 
contains about 60 per cent palladium. The sodium proiablinate present in the 
mixture acts, when the material is in solution, as a “protective colloid.” § 

As is well known, colloids in general arc precipitated, “ flocked out,” by ions 

(e.g., AS 2 S 3 by HCl), due to a transfer of electrical charges, but in the presence 
of a protective colloid relatively large amounts of electrolytes are necessary to 
bring this about. 

Hydrogenation involving the use of colloidal palladium differs from some other 
processes of catalytic reduction in that the reaction has not been observed to 
proceed in the absence of water nor if the proportion of water in the reaction 
mixture be too small. For instance, in the case of cottonseed oil, a portion of 
this material showed no absorption of hydrogen on being shaken with a small 
quantity of powdered colloidal palladium. The same result was obtained whether 
the oil was suspended in 95 per cent alcohol or dissolved in acetone. On adding 
15 to 20 per cent of water to the acetone solution, however, reduction took place 
at a fairly rapid rate. j this more convenient fonn of colloidal palladium be 
not available, a substitute may be prepared as needed in the following way:|| 
0.05 g. palladous chloride is placed in a shaking flask (see Fig. 50a, p. 306), followed 
by 50 cc. of 50 per cent alcohol and 1 or 2 cc. of a 1 per cent aqueous solution 
of gum arable (the weight of gum used being about one-fourth the weight of the 
PdCh). On shaking this mixture in an atmosphere of hydrogen, the chloride is 
reduced with formation of a black solution of colloidal palladium, which is ren- 
dered stable, i.e., “reversible,” by the small quantity of the reversible colloid 
present, gum arabic. While this solution may be substituted for that of the 
technically prepared substance, it is actually more expensive, as experiments 
show that 0.02 g. colloidal palladium costing $0,048 is at least as active as 0.05 g. 
PdCb, costing $0,075. PaaFs colloidal palladimn and palladous chloride contain 
approximate!)' equal percentages of the metal. 

Certain substances are regarded as poisonous with respect to colloidal palla- 
dium, for example, formaldehyde contained in impure methyl alcohol is said to 
be harmful, and allyl isothiocyanate entirely inactivates it, so that mustard oil, 
for example, cannot be treated. 

"•J. Am. Chom. Soc., 1914, 2188. 

t Prepared by Kalle & Co., Biebrich am/R. Price about $2.40 per gram. See Paal 
and Hartman, Ber., 43 , 248-9, 1910. 

t Paal and Amberger, Ber., 37 , 124, 1904; Chem. Zentr., 1904, I, 572. 

§ Paal and Amberger, loc. cit., see also Skita and Franck, Ber., 44 , 2862, 1911; Chem. 
Zentr., 1911, II, 173. 

II Skita and Franck, loc. cit. 
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A catalyzer suitable for the hydrogenation and dehydrogenation 
of oils or other organic compounds, is prepared according to the 
Badische Company * * * § by treatment of an artificial zeolite such as 
sodium aluminum silicate with an acid solution of palladium chloride, f 
Fahrion J refers to the disadvantages of using so sensitive a cata- 
lyzer as palladium, especially in view of its high price (1 kilo palla- 
dium costs 6000 M.). According to Connsteiii the loss in palladium 
amounts to 5 to 7 per cent of the catalyzer employed, equivalent 
to 1.10 to 1.20 M. per 100 kilos fat. Bergius is reported by I'ahrion 
as stating that the loss is about 1 g. of palladium per barrel of fat 
hydrogenated. 

At the Vereinigte Chem. Works at Charlottenburg, hydrogenation 
is effected at 100° C., under a pressure of two to three atmospheres 
by means of 0-00002 part of palladium chloride in the presence of 
an alkali. § 

The rate of hydrogenation is retarded in many cases by the 
presence of acids and Skita [ [ has obtained certain colloidal forms 
of the metals of the platinum group which are considered more suit- 
able for the purpose than acid-liberating types. 

A catalyzing device proi)osed by Sabatier and Mailhe H consists of a network 
of wires, blades, rods, or tubes of catalytic materials adapted to be heated to the 
necessary temperatures by the passage of an electric current. Metals of the 
platinum or nickel series, or their alloys, or tantalum are suitable catalytic 
materials, or any metal coated with a catalytic metal may be used as the cata- 
lyzing material. Or the electrically heated metal network may be embedded 
in finely-powdered metal, or in metal oxide, carbonate, or other catalytic salt, 
suitable oxides being those of thorium, zirconium, uranium and titanium.** 

A catalyzer prepared by de Montlaur for the oxidation of ammonia, consists 
of a lustrous and adherent deposit of metallic platinum on such inert material 
as mica, glass or porcelain. It is obtained by coating the supporting sur- 
face with a solution of a platinum tetrachloride in an essential oil, preferably 
blue chamomile oil, and effecting reduction at a red heat, or by the decom- 
position at a bright red heat of sulphur compounds of platinum, ft 

Neumann proposes a support for contact material platinized only at the sur- 
face. Porous supporting material is first subjected to a treatment by which 
an insoluble precipitate is formed in its pores. For example, it may be treated 
first with potassium silicate and then with hydrofluosiUcic acid, or first with 

* British Patent No. 8,462, April 3, 1914. 

t Cf. Mittasoh, Schneider and Morawitz, following, 

t Die Hartung der Fette, Braunschweig, 1915, p. . 34. 

§ Colletas, Les Mati^res Grasses, 1914, 7, 4151. 

IlSeifen.Ztg., 1914,1213. 

t British Patent No. 2,011, February 8, 1915; Chem. Abs., 1916, 2032. 

♦*8ee French Patent No. 475,367, February 14, 1914; J. S. C. I., 1916, 32* 
ft French Patent No. 445,857, September 15, 1911. 

Qei^ Patent No* 218,725, May 2, 1908; J. S. C. I., 1910, 487. 
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barium chloride and then with sulphuric acid. It is then washed, dried and 
platinized by heating and spraying with a platinum solution containing a reduc- 
ing agent, after which, it is washed with water or with acids in which the pre- 
cipitate is insoluble. By this method less platinum is used than by the process 
described in German Patent No. 188,503.* 

A contact substance for catalytic reactions described by Niedenfubif consists 
of a hollow perforated metal support coated with platinum electrolytically or 
otherwise. 

Commenting on British Patent No. 18,642 to the Vereingte Chemische Werke, 
Fokin t states that in 1906 he § publislied a communication on the reduction power 
of platinum hydroxide and, in fact, had made application for patent in Russia in 
April, 1909. In 1910 || he published a further communication in which the theory 
of the process and the function of the three factors, namely; the hydrogen atom, 
the hydroxyl group, and the double bond were discussed. Fokin observed that 
complex compounds of platinum were formed which are organosols. These 
possess a surface of “ unlimited ” area, which accelerate the reaction in the 
highest degree. Later in a publication on the preparation of isomers of oleic 
acid the procedure was more fully detailed by Fokin and methods of determining 
the hydrogen number were described, in which platinum oxide was used as the 
catalytic agent. 

Galactose, resulting from protracted boiling of aqueous glue solutions, is 
advanced by Classen * * as a protective colloid for finely -divided metals, a salt of 
the metal being reduced in the presence of this agent. 

The protective action of a number of colloids has been determined by Groh ft 
by measurements of the extent to which they retard the catalytic decomposition 
of hydrogen peroxide by colloidal platinum. The following values show the 
times required by colloidal platinum to effect 50 per cent decomposition of the 
peroxide without and in the presence of protective colloids. Without a protective 
colloid twenty minutes, O.l per cent gelatin two hundred and sixty-five mintues, 
O.l per cent gum arabic eighty-six minutes, 0.1 per cent dextrin sixty -six minutes, 
0.01 per cent gelatin one hundred and 6fty minutes, 0.01 per cent gum arabic 
thirty-nine minutes, 0.01 i)er cent dextrin twenty-eight minutes, 0.001 per cent 
gelatin one hundred and three minutes, 0.001 per cent gum arabic twenty-one 
minutes, 0.001 per cent dextrin twenty-three minutes, 0.0001 per cent gelatin 
seventy-one minutes. 

Zelinsky §§ has shown that catalytic dehydrogenation by palladium or plat- 
inum appears to be characteristic of hexamethylene hydrocarbons and may be 
used for the separation of pentamethylene and hexamethylene hydrocarbons and 
to the investigation of petroleum distillates. A mixture of methylcyclopentane 
and cyclohexane was subjected three times in succession to the action of platinum 

*J. S. C. I., 1908, 502. 

t German Patent No. 225,705, July 31, 1908. 

t Chem. Ztg., 1913, 61. 

§ Journ. Russ. Phys. Chem. Gesell., 1906, 419 and Zeit. Electrochem, I2, 749. 

II Journal Russ. Phys. Chem. Gesell., 1910, 1074. 

t Zeit. Analyt. Chemie, 48, 337, and Journ. Russ. Phys. Chem. Gesell., 1908, 700. 

** Zeitsch, angew. Chem. Referat., 1915, 58, German Patent No. 281,305, March'SO, 
1913. 

"tt Z. physik. Chem., 88, 414. 

tX Chem. Abs., 1915, 7. 

'§§ Ber., 1912, 3678; J. S. C. I.. 1913, 76. 
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black at 300“ C.; the quantity of hydroKon evolved was 93.4 i)or cenf, of the 
theoretical (quantity calculated for the eon verson of cyclohexane into benzene. 
The product was treated with sulphuric acid (2 vols. of acid of sp. L84 
mixed with 1 volume of fuming acid containing 7 per cent of anhydride), which 
sulphonated the benzene; the residual unattacked hydrocarbon, after distillation 
over sodium had the properties of the original pure methylcycloiicntane. A 
fraction (boiling-})oint 102“ to 104“ C., sp. gr. 0.7047 at 18“ C.), from Baku 
petroleum, after purification by treatment with sulphuric acid of the strength 
mentioned above, when treated in a similar manner yielded toluene and a hydro- 
carbon (boiling-jwint 101° to 102.5“ C. sp. gr. 0.7488 at 20“/4° C.) which was 
probably a derivative of cyclojxcntane or cyclobutane. A petroleum fraction 
(boiling-point 100“ to 100.5“ C.) obtained by repeated treatment of so-called 
“ naphtha-heptanaphtherie ” with a mixture of nitric and sulphuric acids, gave 
similar results. 

Normann and Schick hold that, contrary to the views of Leh- 
mann, osmium metal and not the dioxide, is responsible for the 
catalytic action noted in fat hardening.* 

Colloidal hydroxides of osmium and ruthenium and the colloidal metals 
themselves may be prepared according to Kalle und Co. A. G.f by means of a 
protective colloid. The tetroxidc of osmium or of ruthenium is mixed with the 
jirotective colloid, such as sodium protalbinate or lysalbinate, and with alcohol, 
and the mixture evaporated carefully to dryness. The solid colloidal hydroxide 
thus obtained may be reduced to the colloidal metal by means of hydrogen at a 
low temperature. The advantage of this modifii^ation is found in avoiding the 
admixture of salts and alkalies and in the fact that dialysis is not necessary. 
The jircparation in detail is as follows: 

One part sodium protalbinate is dissolved in 200 to 300 parts water and then 

I. 34 parts osmium tetroxidc in about 00 volumes cold alcohol is added. The 
mixture is then either evaporated to dryness in vacuo, or else gently heated on 
the water-bath to remove most of the solvent and finally dried in vacuo. The 
osmium tetroxidc is reduced by the alcohol to the tetrahydroxide Os(OH) 4 . 
If evaporation is effected in jileno, ammonia must be added from time to time in 
order to prevent rcoxidation of the hydroxide to the volatile oxide. If the 
Iirocess is applied to ruthenium totroxide, the alcohol must be added to the 
solution of the protalbinate or lysalbinate of sodium, and the tetroxidc, dissolved 
in water is allowed to flow gradually in the solution with stirring. Ruthenium 
chloride, Ru 2 Clfl, or the potassium salt of the acid may be used as the initial 
material, which is first converted by treatment in a current of chlorine, in the 
presence of water with heating, into the tetroxidc. If the osmium or ruthenium 
hydroxides are to be converted into the corresponding colloidal metals, the solid 
products are carefully powdered and treated in a tube freed from air by carbon 
dioxide with hydrogen at 30° to 40°, obtaining thereby colloidal Os or Ru. If 
the colloidal tetrahydroxides are to be obtained in dilute aqueous solution, a 
smaller amoimt of stabilizer will be sufficient. J 

* Seifen. Ztg., .1914, 1111; Arch. Pharm., 1914. 

t German Patent No. 280,365, July 30, 1913. Addition to German Patent No. 248,525; 

J. 8. C. I.j 1915, 492 and 1912, 952. 

l^Chem. Abs., 1915, 1378; Zeitsch. angew. Chem., Referat, 1915, 22. 
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Osmium and ruthenium compounds are used as catalyzers in the synthesis 
of ammonia. Asbestos, meerschaum, or similar material is soaked in a solution 
of alkali osmate, or alkali ruthenate, and dried. The contact mass thus obtained 
can be employed for catalytic purposes either directly, or after being heated, or 
acted upon with acid or reducing agents.* * * § Osmium as an oxidizing catalyst is 
described by Hofmann, f Ruthenium is favored by Mittasch as a hydrogenating 
catalyzer. J 

By supporting platinum on charcoal, a catalyzer is obtained, 
according to Mannich,§ which is free from the disadvantages of 
colloidal platinum and is more efficient than the metal on an indif- 
ferent carrier. Purified animal charcoal is recommended. A plat- 
inum black charcoal catalyzer has been found to absorb great quan- 
tities of hydrogen. The results obtained on castor and peanut oils 
show distinctly advantageous results. Palladium supported on small 
pieces of coke is used as a catalyzer by Verona-Rinati.|l 

Platinum and cai'bon, especially charcoal, in admixture, have beem 
found by Ellis to afford a desirable catalytic agent. 1| In preparing the 
catalyz('r, can^ is taken to excludes oxygen. The (cerium group of 
metals as hydrogen carriers is (‘onsidered by Ellis,** who recommends 
c(‘rium incorporated with char(^oaL 

By the addition of animal charcoal Mannich and Thiele ft find the 
absorption capacity of palladium for hydrogen is greatly increased, 
and the mixture absorbs much more gas than the total quantity 
absorbed by the separate constituents. A catalyst which rapidly 
effects the complete hydrogenation of fats is prepared by shaking 
powdered, ignited animal charcoal with palladium chloride (prefer- 
ably 2 per cent) solution and hydrogen until no more gas is absorbed. 
The powder is then washed and dried and can be kept unaltered. 
It can be used in conjunction with any solvent and, after hydro- 
genation, is completely separated by simple filtration, without leaving 
any trace of metal in the fat. In these respects it is superior to 
colloidal palladium preparations. 

An oil such as peanut oil can be hydrogenated by means of Ar of its weight 
of animal charcoal containing 0.2 per cent palladium (ratio of metal to oil = 
1 : 30,000) into a tallow-like mass, with M.P. 51° C. and iodine value 45.5. 

* Badischo Co., British Patent No. 12,977, June 4, 1913. 

t British Patent No. 20,593, September 11, 1913; Chem. Abs., 1915, 697. 

tlU. S. Patent No. 1,173,532, February 29, 1916. 

§ Seifen. Ztg., 1914, 1174. 

II Annali Chim. Appl., 1914, 99. 

WU. S. Patent No. 1,174,245, Mar. 7, 1916. 

U. S. Patent No. 1,167,280, Jan. 4, 1916. 

Itt Bcr. Deutschen Pharm. Ges., 1916, 26, 36-48; J. S. C. I., 1916, 648. 
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Even by the use of 1 part of palladium (distributed over animal charcoal) to 
150, (KX) parts of peanut oil the hardening can be effected in one operation. 

A catalyzer used in the production of propylene by the union of 
acetylene and methane and containing two catalytic metals is pre- 
pared by Heinemann * in the following manner: 

One of the contact metals, for example, copper, is deposited in a porous body, 
for example, pumice stone, either electrolytically, or by the reduction of a copper 
salt. The pumice stone, provided with a coating of copper, or having its pores 
partly filled with copper, is then dipped in a solution of a salt of a contact metal 
of the platinum class, for instance, chloride of platinum, and is dried. The salt 
is then reduced. In this way there is obtained a contact body consisting of 
two metals which are stated to exert a mutual balancing effect on one another, 
the more active property of the platinum group metal being mitigated by the 
less active property of the other metal associated therewith, and allowing the 
desired reaction to take place at a moderate temperature. 

Boeseken and Hofstedef carried out cxperiincmts on the absorption 
of hydrogen by cinnamic acid and its esters, using a palladium solution 
prepared according to the method of Skita and Meyer and found con- 
siderable irregularity in the velocity of the reaction under what were 
thought to be (comparable conditions. The presence of small amounts of 
oxygen in the hydrogen was found to exert a marked activation of the 
catalyzer. It is concludcHl that even in this apparently simple catalytic 
reduction, viz., an irreversible reaction with elementary catalyzer, 
the phenomena arc far more complicated than could be expected. 

An interesting form of catalyzer investigated by MittaSch, 
Schneider and Morawilz J contains the elements of a metal of the 
platinum group and an aluminate silicate, and can be obtained by 
taking an aluminate silicate containing water, such as a natural or 
artificial zeolite, and replacing a part or the whole of its content of 
alkali metal or alkaline earth metal, by the platinum metal. 

- Tlie product obtained can be subject-ed to further treatment. For instance, 
it may be heated and reduced, and this reduction is desirable if the catalytic 
agent is to be employed for the hydrogenation of organic compounds. After 
such reduction, the catalytic agent contains a platinum metal in a metallic form 
arid also the elements of an aluminate silicate. 

The introduction of the platinum metal into the silicate can be effected by 
digesting the alkali metal aluminate silicate with a solution of a platinum metal 
salt. Or, the zeolite as obtained (or after being gently heated, so that some of 
the water is driven off) may be soaked in a solution of a platinum metal salt, 

♦ U. S, Patent No. 1,202,385, October 22, 1916. 

t Proc. Akad. Wetejnsch., Amsterdam, 1918, 20 , 424; Chem. Abs., 1918, 1144; J. S. C. L, 
1918, 136A. 

J U. S. Patent No. 1,215,396, February 13, 1917. See also British Patent 1,358, 
Jan, 27, 1915. 
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so that the platinum inetfil salt- enters the zeolite, and some replacement of the 
alkali metal or alkaline earth metal by a platinum metal takes place, although the 
alkali remains in the mass. 

Example: Digest 100 j)arts of the artificial zeolite, sodium aluminatc silicate 
such as the ordinary comm(;rcial granular sodium permutite found on the market) 
with a weak hydrochloric acid solution containing one-tenth of a part, to half a 
part, of palladium subchloride, either at ordinary temfierature, or while warming, 
until the solution is decolorized. If the catalytic agent is to be used for hydro- 
genation purposes, wash the mass well and dry it and reduce with hydrogen at from 
150® to 200® C., or with formaldehyde at a lower temperature. The catalytic 
agent which is obtained can be used (either directly, or after pulverization) for 
the hydrogenation or dehydrogenation of organi(; compounds, and, when liquids 
arc treated, those can with advantage be allowed to trickle over the catalytic 
agent. Instead of sodium permutite, other aluminatc silicates containing an 
ejisily replaceable base, or more than one easily replac, liable base, can be crri- 
])loyed, for instance, natural zeolites (;an be used, such as analcime, natrolitc, 
chaliasite. In a similar manner, other platinum metal zeolites can be prepared, 
for instance, those of platinum itself and of rhodium, iridium, ruthenium and 
osmium. A platinum zeolite can be obtained by heating an artificial zeolite 
until more or less of the water has been driven off, and then soaking it in a 
solution of iilatinum hydrochloride, drying and heating, whereupon, any soluble 
salts, such as sodium chloride can be removed by washing or digesting. An 
osmium zeolite can be prepared by soaking a zeolite in a solution of potassium 
osmate, and heating. The artificial or natural zeolite can first be converted 
into ammonium zeolite, and this either directly or after heating can be con- 
verted into osmium zeolite, by treatment with iwtassium osmate.* 

Amberger f states that practically all previous preparations of 
colloidal osmium have resulted in a colloidal oxide or hydroxide. 
Amberger has prepared organosols of platinum and palladium in 
wool fat and now applies the same principle to the preparation of 
colloidal osmium. 

Two parts of osmium tetraoxide are dissolved in 7 parts dilute caustic soda 
and alcohol added till sodium osmate is formed. This is gradually stirred into 
13 parts of warm wool fat, intimately mixed, then hydrazine hydrate is added 
slowly; the emulsion swells and takes on a metallic grey color and on standing 
twenty-four hours becomes black. Another warming and the addition of more 
hydrazine hydrate are necessary for complete reduction. To remove by-products 
the mass may be dissolved in petroleum ether, washed, dried and the ether dis- 
tilled off. There results a brown-black salve, easily soluble in organic liquids 
which dissolve wool fat, giving transparent, brownish black liquids. For analysis 
this salve is dissolved in petroleum ether, precipitated by more than an equal 
volume of alcohol and osmium determined in the dry precipitate by the method 

* Artificial zeolites are put on the market under the names of permutite, and are de- 
scribed in British Patent No. 23,706/12 and also in the article “ On Artificial Zeolites ” 
by Siedler, on page 262 of the report of Section 2 of the Seventh International Congress 
of Applied Chemistry held in London in 1909. 

t Kolloid-Z., 17, 47-51. 1915; Chem. Abs., 1915, 3159. 
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of Knotte.* The osmium (content is about. 7.9 i)er cent.. This contains oxides of 
osmium as well as melallie osmium. In order to reduce the colloidal oxides 
the orifrinal crrmlsion, after reduction with hydrazine hydrate, is dissolved in 
petroleum ether and precipitated by alcohol; nearly all the osmium precipitates 
in combination with a large proportion of the wool fat. This coagulum is 
washed free from alkali, dried, powdered and then reduced with dry hydrogen 
first in the cold then at 30® to 50®. This gives a stal)Ie organosol, easily solulle 
in liquids which dissolve wool fat. The osmium content is 20.9 per cent. If 
instead of reducing the sodium osmate wool fat emulsion with hydrazine hydrate, 
sulphuric aciid is added, an organosol of osmium dioxide is formed, one prepara- 
tion of which gave 0.53 per cent osmium dioxide. By dissolving in petroleum 
ether and precipitating with alcohol, then washing, the concentration may be 
raised to an osmium dioxide content of 24.5 per cent. 

Silicic acid is used by Schwerin, f to form stable colloidal solutions of metals* 
for example, a solution of silicic acid containing about 2.5 per cent of the acjd 
is mixed with a diluted solution of a gold or silver salt and the metal is re- 
duced by a reducing agent suitable for separating it in the colloidal form. If, 
for instance, hydrazin hydrate is the reducing agent a completely clear brown 
silver sol, or dcc^) blue gold sol, is obtained. 

By the method of Schwaremanf a pretdpitated sesquioxide is treated 
with a soluble salt of a platinum group metal, such as palladium, 
until a certain amount of at^tive compound is deposited; the treated 
sesquioxide is then dried at a comparatively low temperature, best 
after thorough washing; the hydrated sesquioxide being advan- 
tageously formed under conditions permitting adsorption or absorp- 
tion of colloid organic matter, such as keratin dissolved in caustic 
alkali. 

The sesquioxide may be ferric hydrate, chromium hydrate or aluminum 
hydrate, the latter giving best results. Other hydrated non-basic or slightly 
acid oxides, such as hydrated tin oxide, titanic acid, tungstic acid, etc., may be 
used but have no particular advantage over the sesquioxidcs. Hydrated oxides 
of the type of cobalt oxide, nickel oxide and zinc oxide, for general hydrogenation 
work are stated to be far inferior to the sesquioxidcs. Palladium is the best 
metal of the platinum group to use for the purpose of hydrogenating, although 
platinum compounds may be used for this purpose, and for oxidizing are even 
better. Osmium, ruthenium, and rhodium also may be used. 

The hydrated sesquioxides although not active as hydrogenating agents 
per se, according to Schwareman appear to heighten the activity of j)alladium 
in some degree as '' cocatalysts.” This is said to be particularly true with 
palladium hydroxide distributed through hydrated alumina. Anhydrous alumina, 
as a carrier, he states affects the activity of palladium but little if at all. The 
hydrated oxides are all readily soluble in dilute acids, which is convenient in 
regenerating the catalyst. 

• ♦ Z. angew. Chem., 15, 393. 1902. 

tU. S. Patent No. 1,119,647, December 1, 1914. 
t U. S. Patent No. 1,111,602, September 22. 1914, 
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According to a formula by Schwarcman, 342 parts of aluminum sulphate, 
Alj ( 804 ) 3 , are dissolved in 3400 parts of water and the temperature is adjusted 
to about 170° F. A solution of 240 parts of commercial caustic soda or the 
equivalent amount of carbonate, in 1000 parts of water at about the same tem- 
perature, is then added. The addition of soda results in the precipitation of 
hydrated alumina. This precipitate is washed until all the soluble salts have 
been removed. The hydrate so obtained is next treated to incorporate, palladium. 
For this purpose 0.312 part of palladium chloride are dis.solved in 100 parts of 
water and the hydrated alumina treated with this solution. The mixture tlien 
is brought to a boil, filtered and the solid material washed. This treatinent 
leaves the alumina charged with merely the quantity of palladium it will absorl). 
The material after washing is dried at a moderate temfierature. A high tem- 
perature is apt to cause dehydration of the palladium oxide, and of the alumina 
as well, to an undesirable extent. A drying temperature of about 170° is best. 
Using the amounts of materials indicated, there will be obtained about 150 jiarts 
of a fine-grained brown powder containing approximately 0.2 per cent, palladium. 
Generally most of this palladium exists in the catalyst in the form of a hydrat.e. 

A more acitive (catalyst, in a somewhat different physical form is obtained by 
using a little keratin or other organic colloid dissolved in the caustic soda used 
for forming the hydrated alumina. Wool is very well suited. The same reagents 
in the same proportions may be used together in the manner indicated above 
with the exception, that about 5 jiarts of wool, are previously dissolved in the 
caustic soda solution. The final material obl,ained is more fluffy and bulky 
than where the wool is omitted. This fluffy bulky catalyst is kept in suspen- 
sion in the oil with particidar readiness. 

Schwarcman states that since palladium oxide does not form soaps with fatty 
acids, it may be employed in hydrogenating free oily and fatty acids and thaX as 
alumina is insoluble m fatty acids, the palladium carried by this sesquioxide 
makes a particularly good catalyst for this purpose. 

Sulzberger * considers that the most efficient way of intimately 
distributing a catalyzer is by dissolving the initial catalytic material 
in the body, which is to be treated, and then, should not the form, 
m which the material was dissolved in the body, be per se catalyt- 
ically active, transforming it by chemical reaction or otherwise into 
a product of catalytical efficiency. 

As an example, he cites the hardening of cottonseed oil with a catalytic agent 
belonging to the platinum group: palladium. Sulzberger notes that a palladium 
product of the desired quality can be obtained by treating a palladium salt, as 
for instance, “ palladium-ammonium chloride " with sodium olcate, which result- 
ing compound is soluble in cotton!:.eed oil and can be used a^ a catalyzer of 
highest efficiency, as, being so finely-divided in the oil, even very small quanti- 
ties will give good results. The solution of this product in the oil darkens when 
heated, in consequence of its palladium content and such solution hardens to a 
product of jelly-like consistency at certain temperatures and when containing 
certain amounts of the i)alladium body, (k)ttonsetd oil, when containing this 
body is readily hardened when treated with hydrogen. 

* U. S. Patent No. 1,171,902, February 15, 1910. 



264 


THE HYDROCiENATION OF OILS 


In cases where the product, which is to act as a catalyzer, cannot be madd 
use of in a form soluble in the body which is to be treated catalytically, the 
very fine distribution of the catalytic agent may be accomplished by dissolving 
it in a solvent, which mixes with the body to be treated, with or without pre- 
cipitation. For example, the above palladium compound being soluble in ether, 
could be added to the cottonseed oil in such solvent. 

Killing * * * § employs a composition of thorium oxide and a metal of the platinum 
group in a state of very fine division as a catalyst in a gas igniting device. 
In producing this material nitrate of thorium and chloride of platinum, are mixed, 
afterward ashing or burning out the mixture, producing a fixed sponge of thorium 
oxide and platinum black. The proportions which Killing has found best suited 
to the end in view are 1 part of thorium nitrate to 2 to 2^ parts of platinum 
black. Iridium and other metals of the platinum group may be substituted for 
platinum or mixed therewith without destroying the efficiency of the compound. 
Other rare earths may be substituted for the thorium, as, for instance, cerium, 
and zirconium. 

The effect of the hydroxides or oxides of iron, copper, mercury and zinc on the 
catalytic activity of palladium hydrosol has been studied by Paal and Hartmann, f 
Ferric hydroxide has no action while copper hydroxide lowers the activity. Zinc 
hydroxide at first depresses the activity but after a time the catalyst becomes more 
than normally active. Yellow mercuric oxide permanently impairs the activity 
of the hydrosol. 

Users of platinum in catalytic reductions have begun to recognize that it some- 
times matters whether the catalyst is entirely free from occluded oxygen at the 
outset or has been freely exposed to the air. For example, Hess| has shown that the 
rigid exclusion of oxygen is necessary in order to insure success in the reduction of 
pyrrole and some of its derivatives. Willstatter and Jaquet§ describes (;ases of the 
opposite kind, in which the catalyst must be activated by exposing it to oxygea at 
intervals. The most interesting example is phthalic anhydride. If this is dis- 
solved in glacial acetic acid and treated with hydrogen in the presence of platinum- 
black, only a small volume of giis is absorbed, unless the apparatus is opened as 
occasion requires and the catalyst is agitated in contact with the air. Then the 
reduction proceeds smoothly to hexahydrophthalic acid. It appears, therefore, that 
platinum and oxygenated platinum must be regarded as distinct catalysts. (See 
page 260.) 

* U. S. Patent No. 614,557, Nov. 22, 1898. 

t Ber. 1918, 51 , 894 and 711; J. S. C. I., 1918, 5G0A, 579A. 

t Ber. 1913, 46 , 3120, 4104. 

§ Ber. 1918, 51 , 767; J. S. C. I., 1918, 660A; J. Chem. Soc., 1918, i., 391. 



CHAPTER XI 


THE OCCLUSION OF HYDROGEN AND THE MECHANISM 
OF HYDROGEN ADDITION 

As an acquaintance with the subject of hydrogen addition and 
reduction by hydrogen of various bodies may load to a broader knowl- 
edge of catalytic reactions in the hydrogenation of oils, the following 
notes by various observers are included. 

Sieverts and Krumhaar* did not find hydrogen to be absorbed by 
the metals cadmium, thallium, zinc, lead, bismuth, tin, antimony, 
silver and gold. The solubility in copper, nickel, iron and palladium 
is shown in the graphic curve diagram. (Fig. 50.) 

The curves show that the solubility increased regularly with the temperature up 
to the melting point and then suddenly increased, the solubility in the liquid metal 
then increasing regularly in the same manner. With palladium, however, the 
solubility was independent of the temperature up to the melting point and then 
diminished to one-half, and in the liquid metal was again independent of the temper- 
ature. On cooling, copper retained 20 per cent and nickel 8 per cent of the hydrogen 
absorbed, and in t he case of iron, the evolution of gas was so violent on solidification 
that the tube was blown to pieces, leaving a spongy regulus. In experiments with 
alloys it w^as found that the addition of gold lowered the solubility of oxygen in 
silver. The copper alloys and hydrogen formed three groups: (a) those in which 
the solubility was not influenced, such as silver; (h) those in which the solubility 
was lowered, such as gold, tin, aluminium; (c) those in which the solubility was 
higher than that accounted for by the copper content, such as nickel and platin;im. 
The solubility in copper alloys was proportional to the square root of the pressure, 
and the view that occlusion was due to adsorption is untenable, and although Sieverts 
and Krumhaar hold the view that adsorption did not exist at high temperatures, 
they do not express any opinion about low temperature conditions, and they put 
forward the view that gases and metals form solid and liquid alloys, the solubility 

of which does not follow Henry’s law, but is expressed by the formula 

m 

Exhaustive data are given by Sieverts (Z. physik. Chem. (1911), 691) of the 
solubilities of hydrogen in the three metals, copper, iron and nickel, at pressures up 
to 1.5 atmospheres, and temperatures from 400° to 1600° C. It is shown in the case 
of nickel that the amount of gas absorbed by the metal under given conditions of 
temperature and pressure is independent of the amount of metallic surface. The 
hydrogen-containing metals are therefore true solutions. At constant temperature 
the solubility both in solid and liquid metals is proportional to the square root of 

the gas pressure, the quotient (where m is the mass of gas absorbed by 100 grams 

* Berichte (1910), 43 , 893. 
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of metal) being remarkably constant for values of /) above 10 mm. At constant 
pressure the solubility increases with temperature, and shows a sudden increase at 
the melting points of all three metals. The transition from ^ to y iron is also marked 
by a rapid increase in solubility between 850° and 900° C. This discontinuity though 
very marked is not so sudden as that at the melting point. The transition from a 
to |8 iron is not accompanied by any change in solubility. In the liquid metals the 
solubility continues to increase with rise of temperature, probably more rapidly than 
in the solid state. On solidifying in an atmosphere of hydrogen all three metals 
“spit.” Copper gives off about twice its volume of hydrogen (at 1084° C. and 
760 mm.) iron about 7 times its volume (at 1510° C. and 760 mm.) and nickel about 
12 times its volume (at 1450° C. and 760 mm.). The regulus contains cavities in 
which hydrogen may be retained. It is only, however, after very rapid cooling that 
any consid(Table quantity of the absorbed hydrogen can be retained at ordinary 
temperatures. 

With regard to the occlusion of hydrogen by various metals, the 
following table is instructive.* The numbers indicate the volumes of 
hydrogen under normal conditions absorb(‘<i by one volume of the 


metal. 

Silver wire 0 21 

Silver powder 0.91-0.95 

Sheet aluminum 1 . 1-2 . 7 

Reduced cobalt 59-153 

Copper wire 0.3 

Reduced copper 0 . 6-4 . 8 

Iron wire 0.46 

Cast iron 0.57-0.8 

Reduced iron 9 . 4-19 . 2 

Magnesium 1.4 

Reduced nickel 17-18 

Gold leaf 0.48 

Precipitated gold 37-46 

Molten lead 0.1 1-0 . 15 

Zinc Traces 


From a study of the action of nickel and hydrogen on various hydro- 
carbons at different temperatures, the following conclusions are drawn 
by Padoa and Fabrisj: (1) In the dehydrogenation of monocyclic 
and polycyclic hydrogenized hydrocarbons, gaseous hydrocarbons are 
formed to some extent. If a hydrocarbon yields several hydro- 
genation products, the most highly hydrogenized one is most readily 
decomposed in this manner. Of the hydrocarbons examined, tetra- 
and di-hydrophenanthrene yielded no hydrocarbon decomposition 

* Abegg and Auerbach, Hdb. d. Anorganischen Chemie Vol. II, part I, 55. 
t J. S, C. I. (1908), 1083. 
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products even under increased pressure, and tetrahydronaphthalene 
did not under atmospheric pressure. 

(2) The decomposing action of nickel is influenced by pressure. 

For instance, at atmospheric pressure, tetrahydronaphthalene is 
simply dehydrogenized with liberation of hydrogen, whereas under a 
pressure ‘of 3 atmospheres, gaseous hydrocarbons are formed. (3) The 
several hydrogenation products of a hydrocarbon can each be obtained 
from the most highly hydrogenized product by the action of nickel at 
a definite temperature, but it is not possible to effect a gradual pro- 
gressive splitting off of hydrogen. In almost all cases dehydrogenation 
begins at a higher temperature than hydrogenation. Under atmos- 
pheric pressure hydrogenation and dehydrogenation arc distinct proc- 
esses; in most cases nickel can effect either reaction, but on certain 
compounds, the nickel acts only in one way. Under increased pressure, 
the two limits of temperature, viz., the highest at which hydrogenation 
is possible and the lowest at which dehydrogenation takes place, are 
closer together, and under certain conditions, the two processes may 
proceed simultaneously until equilibrium is attained. 

Relative to its behavior to hydrogen. Holt, Edgar and Firth * state 
that palladium may exist either in an active or a passive state, the 
former rapidly taking up hydrogen, the latter being practically inert. 
Heating to a temperature of 400 degrees in hydrogen and cooling 
renders the palladium very active. New palladium may be made 
active by the repeated oxidation and reduction of the surface. The 
activity diminishes gradually on standing, but may be restored on 
heating. 

When spongy palladium was exposed to hydrogen at temperatures from — 50°C. 
upwards, Gutbier (Ber. (1913), 1453) found that the amount of occluded gas steadily 
decreased from —60° C. (917 volumes to 1 of palladium) to a minimum at 20° C. 
(661 : 1) then slowly rose to 105° C. (754 : 1). The hydrogenized palladium was 
pyrophoric. 

It is suggested that the activity is due to the presence of a metastable modifica- 
tion of the palladium which gradually reverts to a more stable variety at ordinary 
temperature. Measurements have been made of the rate of sorption (this term 
includes both adsorption and absorption) of hydrogen by palladium free from hydro- 
gen, and palladium containing varying amounts of previously-sorbed hydrogen. 
No marked difference was observed between the action of moist and dry hydrogen. 
With palladium containing little or no hydrogen the rate of sorption first increases 
rapidly and then slowly diminishes. On the other hand, if the palladium has al- 
ready sorbed considerable quantities of hydrogen the initial increase is not observed. 
It would appear that when active palladium is exposed to an atmosphere of hydrogen 
there is first a rapid condensation (adsorption) of the gas at the surface, probably 
in the form of complex molecules, forming a layer of high vapor pressure. This is 

* Z. physik. Chem., 82, 513. 
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followed by a slow diffusion (absorption) into the interior of the metal. This would 
explain the rapid rise in pressure followed by slow increase observed when palladium 
partially saturated with hydrogen is exposed to a vacuum. The sorption is accom- 
panied by evolution of heat. Measurements were also made of the rate of diffusion 
of hydrogen through a palladium tube. The rate is found to increase with rise in 
temperature, but it is also influenced by the state of the metal. This accounts for 
the fact that the same diffusion velocity is not always found at the same temperature. 
It is very doubtful that the hydrogen sorbed by the palladium is at the same con- 
centration throughout the metal, even after long standing. 

The rate of absorption of hydrogen by hmonene in the presence of platinum black 
has been studied by Vavon (Comp. rend. (1914), 158 , 410), and two stages or phases 
of the reaction were noted. The velocity curves for the absorption of hydrogen 
have a gradient which varies considerably with the quantity of catalyst present. 
Apparently the metal can become fatigued so that while it is active enough to bring 
about the easier stages of hydrogen addition, it is not powerful enough to effect the 
more rlifficult stages of saturation. This is more marked after the catalyst has been 
heated to a temperature of 300° C. or higher, when the activity can be varied and 
suited to bring about hydrogenation in a selective and regular manner. When 
heated above 500° C. platinum black is transformed into an inactive modification. 

The work of Andrew and Holt (Proc. Roy. Soc. (1913), A. 89 , 170), which leads to 
the conclusion that palladium is dimorphic, is discussed by Halla (Z. physik. Chem. 
(1914), 86 , 496), who shows that palladium black prepared by Graham’s method is 
not inactive. He also shows that occlusion by active palladium is not hindered at 
ordinary temperatures by contact with the inactive metal. 

Mixtures of hydrogen and oxygen combine with explosion on contact with 
platinum or carbon which has been heated to a temperature sufficient to cause 
the emission of electrically-charged particles from the surfaces of platihum or carbon. 
If platinum is exposed to Roentgen rays which cause the emission of charged par- 
ticles an explosion may be brought about without heating the platinum. (J. R. 
Thompson, Chem. Ztg., Rep, (1914), 15.) 

Investigations directed towards an explanation of the precise nature 
of hydrogen transfer by means of the platinum metals are not lacking. 
Wieland* assumes that palladium hydride, or for that matter any 
metal hydride, unites as such with the unsaturated compound at the 
double bond and that the labile addition product breaks down, with 
retention of the hydrogen and elimination of palladium, the latter 
being then in condition to take up additional hydrogen and again 
form an addition product. From a thermodynamic standpoint the 
hydrogenation process appears to be a reversible reaction. In the 
case of ethylene compounds, and in fact, in general, the reaction is 
exothermic, but is endothermic in the case of the double bonding of 
the aromatic series. Thus the metal addition product would appear 
in the reaction equilibrium as follows: 

- R = R - + PdH,^ ~ ~ " H ~ H ” 

* Her., 46, 484. 
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In this connection it may be stated that Skita and associates have 
isolated an addition product of palladium chloride with an unsaturated 
body but work along this line has not been extensive and the explana- 
tion advanced that catalyzers simply split the hydrogen molecule to 
yield hydrogen in an atomic or nascent condition is for the present 
perhaps as satisfactory as any.* 

Troost and Hautefeuillef believed that their experiments vindicated 
the formation of a definite compound Pd 2 H, while Dewar J suggested 
the existence of Pd 3 H 2 . The experiments of Hoit8ema§ indicate that 
between 20 and 200 degrees no definite compounds of palladium and 
hydrogen exist. 

Sabatier! considers nickel catalysis to be due to the formation of 
hydrides. First hydrogen acts on the metal, quickly forming a com- 
pound in the superficial layers of the latter. The hydride which re- 
sults becomes decomposed, and in the presence of bodies which are 
capable of hydrogen addition, union with the hydrogen takes place. 
The metal is regenerated and the role endlessly repeated. 

The variations in activity of nickel which have been noted probably 
depend on the formation of different hydrides. Thus, for example, 
well-prepared nickel catalyzer may form the perhydride NHL which 
is sufficiently active to hydrogenate benzol. Nickel prepared at high 
temperatures, or if slightly poisoned, may form the lower Jiydride 
NiH 

1 1 which is not active on benzol but which is catalytic for olefines 
NiH 

and nitro compounds. 

Were this assumption correct it would appear as a consequence that 
nickel and the other active metals (copper, iron, cobalt and platinum) 
not only should effect a union of hydrogen, but also that hydrogen- 
containing compounds should suffer removal of their combined hydro- 

* Some experimental work of Paal (Ber., 45, 2221 ) is of interest. Paal notes 
that apparently only those compounds with two C : C groups in which these groups 
are separated by at least one carbon atom can be catalytically reduced stepwise. 
Thus PhCH ; CHCH : CHAc in alcohol with colloidal palladium and two hydrogen 
equivalents give about 50 per cent each of the original ketone and of the fully re- 
duced compound (PhCH 2 ) Ac. Similar results were obtained with PhCH : CHCH : 
C(C 02 H) 2 , piperinic acid and piperine. Phorone, on the other hand, yields almost 
quantitatively dihydrophoronc, Me 2 CHCH 2 COCH : CMe 2 , b. 176 degrees; semi- 
carbazone, needles, m. p. 133 to 134 degrees. (Chem. Abs.) 

t Comp, rend., (1874), 78 , 686 . 

t Chem. News^ (1897), 76 , 274. 

} Zeit. phy. Chemie (1895), 1 . 

II Die Hydrierung dutch Katalyse, Leipsic (1913), 17. 
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gen, the metals acting as dehydrogenating catalyzers. This actually 
proves to be the case. Between 250° to 300° C. finely-divided copper 
readily acts as a dehydrogenating catalyst, converting primary alcohols 
to aldehydes and secondary alcohols to ketones, in fact affording a 
very advantageous method for bringing about these transformations. 

Results obtained by hydrogenation with nickel. The results obtained 
by hydrogenation with reduced nickel are classed by Sabatier into 4 
groups: 

1. Simple reduction without the fixation of hydrogen, 

2. Reduction effected simultaneously with the fixation of hydrogen. 

3. Fixation of hydrogen by addition to the molecules where multiple 
bonds exist. 

4. Hydrogenation effected with the decomposition of the molecule. 

The well-established impossibility of effecting all these changes with 
any metal leads Sabatier to think that for nickel there exists many 
degrees of combination with hydrogen. Nickel obtained by the reduc- 
tion of the chloride, as well as that reduced at a temperature above 
400° C. is, without doubt, able to produce only a primary hydride, 
analogous to that of copper and capable of acting on nitro groups or 
on the double ethylene bond. Only “ healthy ” nickel, such as that 
produced by the reduction at a low temperature of the oxide obtained 
from the nitrate, is able to form a perhydride capable of hydrogenating 
the aromatic ring. 

In the case of nickel oxide catalyzers Erdmann indicates that the 
transference of hydrogen probably takes place in one of two ways: 
either an intermediate phase represented by the compounds 

I 

HC - Nk H - Nk 

I >0 and >0 

HC - Ni/ H - Ni/ 

1 

or a decomposition of water may take place in accordance with the 
reaction : 

NbO -h H 2 O = 2.NiO + H 2 

yielding hydrogen in a nascent state which is assumed to unite with 
the unsaturated fat while the nickel oxide formed is reduced to the 
suboxide by hydrogen in the molecular condition. 

In an experiment conducted by Mayer and Altmayer* nickel, 
reduced from the oxide by hydrogen, was introduced into a Jena glass 
vessel in an electric furnace, and after complete exhaustion, known 

* Berichte (1908), 4i| 3062. 
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quantities of hydrogen were introduced, and the temperature kept 
constant until absorption ceased. The amount absorbed, at tempera- 
tures of 360° to 560° C., was at each temperature proportional to 
the pressure of the hydrogen. At 360° C. 1 volume of nickel absorbed 
50.5 volumes of hydrogen at a pressure of 300 mm., whilst at 560° C. 
the same absorption occurred when the pressure was raised to 440 mm. 
Within the experimental limits, then, the system nickel-hydrogen is 
bivariant, the volume absorbed being dependent both on temperature 
and on pressure. 

I Amorphous palladium absorbs hydrogen far more rapidly than the 
crystalline form, but holds it only feebly. The amorphous form also 
takes up hydrogen and transmits it to the crystalline variety, so that 
crystalline palladium coated with the amorphous metal will absorb 
hydrogen much more rapidly than when uncoated.* 

Adsorption is quite variously regarded by various authorities as 
one of the following: (1) True chemical combination. (2) True 
solid solution. (3) A modified solid solution in which practically 
only the outer layers become saturated owing to the difficulty of dif- 
fusion in solids. (4) Condensation on the outside of the surface of 
the solid. According to McBainf the first three are contrary to the 
requirements of thermodynamic theory, and the fundamental assump- 
tion of the third is disproved by experiments involving the time 
required for adsorption of hydrogen. The fourth is found insufficient 
to explain the somewhat complex time relationships studied here, which, 
however, point strikingly to the conclusion that both true solid solu- 
tion (true diffusion) and surface condensation occur. They are inde- 
pendent of each other and their relative importance and magnitude 
depend upon the conditions of the experiment. 

The non-committal name “sorption” is coined to designate the sum total of 
the phenomena, while “absorption” and “adsorption” are restricted to the dis- 
solved and superficially-condensed matter respectively. It is found that the surface 
condensation requires only a few minutes for completion, whereas absorption requires, 
in the case of hydrogen diffusing into carbon at the temperature of liquid air, a 
dozen hours for practical completion. Thus it was possible to isolate the two phe- 
nomena and to study them more or less independently of each other. For instance, 
by suitable manipulation a sample of carbon can be prepared highly charged with 
hydrogen in a state of solid solution but almost destitute of occluded hydrogen 
condensed on the surface. This is clearly attainable (if the hypothesis be correct) 
by suddenly exposing to a vacuum carbon which has been previously saturated by 
long contact with hydrogen at a constant temperature. Such carbon, exposed to a 
low pressure of hydrogen and cut off from all external influences, took up hydrogen 

* Proc. Roy. Soc., London (A), 89 , 170-186, Chem. Abs. (1914), 45L 
Seventh Int. Cong. Appl. Chem., 1909. 
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at first (surface condensation) although already supersaturated (i.c., in respect to 
the solid solution), and then gave it off again in still gr(‘ater quantity until final 
equilibrium was established. Thus the manometer first fell for a few minutes and 
then rose to a higher point than the initial value. In the converse case, w'here the 
interior was saturated by a very short exposure to a high pressure of gas, hydrogen 
was first given off, and then taken up again by diffusion into carbon. Here the 
manometer automatically rose for a few minutes, then steadily fell for nfany hours 
to a lower value than previously obtained. The j)ressure changes observed might 
at first seem unimportant, were it not for the one fact of great significance, viz., 
that (taking the second case just outlined) the higher pressure at five minutes was 
even less than corresponded to the gas condensed on the surface of the carbon, yet 
after a dozen hours had elapsed a much lower pressure was attained, a pressure 
which then actually tlid correspond to the condensed gas in equilibrium with it. 
Thus a considerable body of hydrogen had been transferred from the surface to the 
interior of the carbon. An approximate calculation of the extent of this transfer 
showed that the true solubility of hydrogem at the temperature of liquid air and 
under 2 cm. pressure was at least 4 c.c. (corr.) per gram of the cocoanut carbon 
employed. This absorption was roughly proportional to the square root of the 
pressure (whereas the total sorption varies as the cube root of the pressure). From 
this it appears that the dissolved hydrogen is sj)lit up into single atoms. 

Tomassi * considers that the reductions caused l)y hydrogen at the 
moment of its liberation from its compounds arc wrongly attributed 
to its being in an allotropic condition,! such as is usually connoted by 
th(} term nascent for, in that case, he argues, the same reactions 
ought always to follow whatever the origin of the gas; but this is not 
borne out by experiment. 

Thus, silver chloride, bromide or iodide, suspended ip water acidulated with 
sulfuric acid, can be reduced by the hydrogen liberated from water by electrolysis, 
but show no signs of reduction when the water is decomposed with sodium amalgam. 
Or, if a solution of potassium chlorate be acidulated with sulfuric acid, and zinc 
added, the chlorate is reduced to chloride; whereas if sodium amalgam be added, 
no reduction takes place. Nor does sodium amalgam bring about the reduction 
of chloric acid or of the chlorates of sodium, barium, copper, lead or mercury. In 
the case of potassium perchlorate, none of the usual reducing agents have any 
effect; zinc or magnesium with sulfuric acid, or zinc with potash or soda, or in a 
boiling solution of copper sulfate, all faihng to bring about reduction, but, on the 
other hand, this is readily effected by sodium hydrosulfite — a compound from 
which hydrogen is not liberated. Similarly, a solution of nickel sulfate, to which 
potash and potassium cyanide have been added, acquires a reddish tint on the addi- 
tion of zinc, while hydrogen is liberated; but if magnesium, or a magnesium-platinum 
couple, replace the zinc, the red color is no longer produced, although hydrogen is 
still liberated. Kern found (Bull. Soc. Chim., 26, 338) that by the action of mag- 
nesium on ferric chloride, ferric hydroxide was produced, and this fact Tomassi con- 
firms, with the addition that he obtains the same result by using sodium amalgam 

* Monit. Scient., 1898 [51], 182. 

t It has been suggested by Osann that active or occluded hydrogen is in an 
allotropic form comparable to ozone.^ 
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instead of magnesium. According to Stahlschmidt, nascent hydrogen derived from 
the decomposition of water by zinc dust reduces potassium nitrate to nitrite, reduced 
iodides and iodates, but does not reduce chlorates; and De Wilde has established 
the fact that sodium amalgam reduces potassium bromate, but is without action on 
the chlorate. 

On these and similar facts Tomassi bases his opinion that the reducing power of 
nascent hydrogen varies according to the chemical reaction by which the hydrogen 
was produced, and he considers that if the gas has a greater affinity in the nascent 
than in the ordinary condition, this is entirely due to the hydrogen at the moment 
of its liberation from a compound being accompanied by the heat produced during 
the liberation. Hence, if nascent hydrogen be represented by the symbol // -j- a 
(in which a denotes this amount of heat), the value of a would vary with each chem- 
ical reaction, and, as a general rule, the reducing power of nascent hydrogen would be 
proportional to that value, provided that the reaction between the hydrogen and 
the substance to be reduced could once be started. There are certain cases, how- 
ever, in which the reduction is due, not to the hydrogen, but to the metal which 
served to generate it. The reduction of potassium chlorate by means of sulfuric 
acid and zinc, or by electrolysis of its solution with a zinc anode, is an instance of 
this. If such a solution be electrolyzed with both electrodes of platinum, oxidation 
occurs at the anode, with the formation of perchlorate, while no trace of chloride 
is found at the cathode; but if a zinc anode be used, chloride is formed at tlu* anode, 
but not at the cathode. From this Tomassi concluded that the reduction in this 
case must be attributed, not to the hydrogen, but to the zinc uniting with the oxygen 
of the chlorate in accordance with the equation KCIO3 + 3 Zn = KCl + 3 ZnO. 

Titoff* has studied the adsorption of hydrogen and other gases by 
pure gas-free cocoanut charcoal. The temperature varied from — 79® 
to + 151.5° C., and the pressures from 0 to 77 cm. of mercury. The 
results are given in tables and the relations illustrated by isothermal 
and isobaric curves. Hydrogen appears to obey Henry’s law for a 
considerable range of temperature (- 80° to + 80° C.). Titoff pre- 
fers a surface condensation theory as an explanation of the phenomena, 
and consequently he uses the term adsorption, rather than absorption, 
which would seem to suggest ordinary solution.! 

Firth observes that the adsorption of hydrogen (surface condensation) 
by wood charcoal occupies only a few minutes, while the equilibrium 
due to absorption is attained only after several hours, hence ''sorp- 
tion^’ is of a two-fold character. Wood charcoal contains crystalline 
as well as amorphous carbon and the activity of the material depends 
chiefly on the latter.! 

* Z. physik. Chem. (1910), 74, 641; see also Homfray, J. S. C. I. 1910, 1055. 

t Rhead and Wheeler (Chem. Soc. Proc. (1913), 29 , 51) observe that carbon, at 
all temperatures up to 900° C. and probably above that temperature, has the power 
of pertinaciously retaining oxygen. This oxygen cannot be removed by exhaustion 
alone, but may be * expelled by increasing the temperature of the carbon during 
exhaustion. Wh'en quickly released in this manner, it appears, not as oxygen, but 
as carbon, dioxide and carbon monoxide. 

t Z. physik. Chem. (1914), 294; J, S. C. I. 1914, 130. 
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The presence of kaolin favors the combination of hydrogen and 
oxygen at temperatures from 230 degrees and upwards. Without the 
kaolin, combination does not take place until a temperature of 350 de- 
grees or higher is reached. The activity of the kaolin depends greatly 
upon the temperature to which it has previously been heated, and the 
extent to which it has lost its water of constitution. The lower the 
water content, the less pronounced is the activity.* * * § 

It has been stated by Marie f and Petersen J that, in the electrolytic 
reduction of unsaturated acids, the nature of the cathode used has no 
appreciable influence upon the course and velocity of the reaction. 
Fokin § finds, however, that reduction can only be effected with cath- 
odes of palladium, platinum, rhodium, ruthenium, iridium, osmium, 
nickel cobalt and copper, and that the quantity and the physical 
condition of the metal has a considerable influence on the course of the 
reduction. It is shown that the metals named have the capacity of 
occluding hydrogen, with the formation of unstable hydrides. It is 
these metals, also, which have been found to act as hydrogen-carriers 
in the reduction prociesses studied by Sabatier and Senderens. Fokin 
is of the opinion that all reduction processes taking place in presence 
of the metals mentioned, viz., electrolytic reduction, reduction of 
gaseous substances by reduced metals by the process of Sabatier and 
Senderens, reduction by galvanic couples, and reduction by metal 
hydrides in solutions, are due to a special activity of the occluded 
hydrogen, probably owing to such hydrogen being in the monatomic 
condition. The activity of the metals varies directly with their 
capacity of occluding hydrogen; palladium is the most efficient, and 
then follow, in the order given, platinum, nickel, cobalt and copper. 
Fokin has studied in this way the reduction of the fatty acids from 
linseed oil, Japanese wood oil, castor oil, cod-liver oil, and other un- 
saturated acids. 

According to Fokin the metals can be grouped into those which, 
like palladium and cobalt, form definite hydrides; and those which, 
like platinum and nickel, have not been proved to form such definite 
hydrides. The latter class gives the best results in reduction catal- 
yses. || By the action of excess of cobalt hydride at 270° C., under 
atmospheric pressure, oleic acid is reduced to stearic acid to the extent 

* J. S. C. I. 1914, 254, and Comp. rend. (1914), 158 , 501. 

t Compt. rend., 136, 1331; J. S. C. I. 1903, 1003. 

t Z. Elecktrochem., 11 , 549; J. S. C. I. 1905, 895. 

§ J. russ. phys. chem. Ges. (1906), 38 , 419; Chem. Centr. (1906), 2 , 768; J.S. 
C. I. 1906, 935. 

11 Zeitsch. f. ang. Chem. (1909), 22 , 1461-1459 and 1492-1502. 
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of 26 to 28 per cent, while in a sealed tube, the reduction proceeds to 
the extent of 60 per cent. If an ethereal solution of oleic acid be 
treated with palladium black, and a current of hydrogen led through, 
stearic acid can be detected after one-half hour; with platinum black 
under similar conditions, 24 per cent of stearic acid is obtained after 
one-half hour, 84.5 per cent after 3J hours and 90 per cent after 5 
hours. Oleic acid is also reduced by nickel and cobalt (prepared from 
the oxides), in presence of hydrogen, at temperatures of 45° to 184° C. 
and 98° to 250° (L respectively.* 

In order to test the view that the increased reducing power of 
occluded hydrogen is due to a kind of physical compression, Fokin 
carried out a series of experiments, which showed that compressed 
hydrogen (up to a pressure of 35 atmospheres) effected the reduction 
of unsaturated hydrocarbons more rapidly and completely and at 
lower temperatures than hydrogen at atmospheric pressure. f 

Hydrogen reduces certain metals from their solutions, as, for instance, silver 
from an aqueous solution of the nitrate. The action of hydrogen on metallic solu- 
tions is much more energetic when one operates under pressure as has been observed 
by Beketoff. 

In connection with the effect of hydrogen on metallic catalysts to alter the 
properties of the metal, a discussion appearing in the Metallurgical and Cdu'inical 
Engineering (1913), 079, on the “Passivity of Metals,” is of interest. According 
to Foerster and also Schmidt a metal such as iron Is })assivc in its normal condition 
and only becomes active under the influence of a catalyst. Hydrogen is stated to 
have this catalytic effect and hydrogen ions have also the same aedion. Schmidt 
states that the moat important of the catalysts which overcome the passive state 
of metals is hydrogen and that a small amount of it can activate large amounts of 
iron, nickel and chromium. The preparation of a non-pyrophorie catalyzer of the 
nickel type by passing carbon dioxide or similar gas over it for a considerable period 
may perhaps depend on the elimination of the hydrogen which permits the metal 
to resume its normal passive state, in which condition exposure to the air docs not 
injure the catalytic activity. 

Towards hydrogen, palladium in sheet form appears to be both 
active and passive. In the active form the metal will rapidly absorb 
large amounts of the gas, while in the passive condition only slight 
a;mounts are occluded. The absorption of hydrogen proceeds in two 
stages ; first, a rapid occlusion at the surface and second, a slow ab- 
sorption into the metal mass.t 

SievertS) Jiiriseh and Metz § have further investigated the solu- 
bility of hydrogen in solid alloys of palladium with gold, silver and 
platinum. 

, ♦ J, S.'C. I., 1907, 1149. 

t J. S. C. L, 1907. 169. 

.'■tZeitsch. phys. Chom. (1913), 51.3. 

fi Z.. anopo!. ttllffem. Chem.. 322-62. 1915: Chem. Abs.. 1915. 3006. 
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Sieverts* has invesligated the relationship holwcen the quanthy of hydrogen 
absorbed and lh(‘ partial i)rosKure between KiS” and 821° (h and at hydrogen 
pressures ))e(\v('('n 1 and 700 nun., on palladium. With both commercial and 
pure i)alladium wire, Ix^lween the temperature limits mentioned, the quantity 
of hydrogen absorbed, L/>, by unit weight of palladium is not strictly propor- 
tional to the scpiare root of the hydrogen pressure p. The experimental results 
are better expressed by the equation, = in which ki arid k: are 

constants de])endmg on the temperature; the equation is not true for higher 
pressures This exf)ression can be regarded as representing that the hydrogen 
molecules are in otiuilibrium with hydrogen atoms, both in solution in the palla- 
dium and in the gas phase, and that, Henry’s law holds strictly for lioth atoms 
and moh'cules. The dissociation constant of hydrogen is 25 at 138°; 109 at 
315°; 112 at 019°, and 102 at 821° (\ The (quantity of hydrogen absorbed by 
unit weight of palladium deiiends only on the pressure and temjierature, and is 
entirely independent of the surfacii anxa of the metal; consec|uent]y, the absorp- 
tion of hydrogen by iialladium is to be regarded as a true solution phenomenon. 
The; isothermals of palladium-black and palladiuin-siionge are similar to those 
of com])act palladium, but the actual curves differ with diffenmt specimens, and 
are a])paren11y dependimt on the nature of the jialladium. The similarity of the 
absorption isothermals in all cases indii^ates that in iialladiuin-black and palla- 
dium-sponge the absorjition is mainly due to solution of the hydrogen, at least 
at temjieratures above 100° C. At lower temperatures it is, however, likely 
that surfacie absorjition accounts for a large portion of the hydrogen taken up. 
The above I'esults an^ in strict accord with the statement that palladium-black 
and yialladium-sponge are made up of varying quantities of amorjihous and 
crystalline ])alladium. Both modifications ajipear to act as solvents for hydro- 
gen with different, ])owers of solution. 

The method used was the same as used in previous work by Sieverts with 
additional precautions to ensure accuracy. The alloys were studied from 138° to 
820° and with hydrogen jircssures of one atmosphere and less. The velocity 
of the absorption and the relation Iietwcen gas pressure and amount absorbed 
are the same as with pure metals. For all three series of alloys the amount of 
hydrogen absorbed per gram of alloy is approximately proportional to \/PH 
and, with the exception of alloys rich in platinum, at constant pressures de- 
creases with increasing temperature. With increasing amounts of platinum the 
amount of hydrogen absorbed decreases at all temperatures, probably reaching a 
minimum in the interval 50 to 100 per cent platinum. The higher the tempera- 
ture the smaller the relative solubility lowering with constant platinum incre- 
ments; at constant temperatures this lowering is smaller than proportional to 
the platinum content. At all temperatures, the addition of silver palladium 
increases the solubility of hydrogen in palladium, until a maximum is reached 
at 40 per cent silver, after which the solubility falls off rapidly, the effect passing 
through zero between 50 and 70 per cent silver. The solubility maximum ob- 
tained with 40 to 50 per cent silver increases with decreasing temperature from 
800° to 270°, then decreases. Addition of gold to palladium has an effect similar 
to a silver addition, although not so pronounced. At 827° the solubility of 
hydrogen is diminished by addition of gold; at other temperatures it increases 
to a maximum, then diminishes. The gold concentration corresponding to the 

*Z. physik. Chem., 1914, 451-478. J. Chem. Soc., 1915, 268-269, Chem. Abs., 
1915, 12; J. S. C. I., 1915, 664. 
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maximum Roluhility decreaROR with inrroaRing tomperaturp. Bptwepn 830® and 
220° a Riven gold content results in a greater increase in solubility the lower the 
temperature; below 220° the relative solubility increase probably diminishes. 
The curves showing the variation of various physical projierties with comparison 
in each of the liinary palladium metal systems sluiw marked similarities with 
the curves of hydrogen alisorption in that, system. The gold and silver alloys 
are marked by a high solvent power for hydrogen as well as by unusual electrical 
properties. All the evidence points to the formation of true ternary solid solu- 
tions between hydrogen and the binary alloys. 

Observations (at 25° G.) liavc been made by Smith and Martin * of the change 
of electrical resistance anil cathode potential of palladium wires during their 
cathodii! occlusion of hydrogen evolved from nitro sul])honic acid and after the 
interrujition of electrolysis. All of the palladium wires increased in resistance 
by more than 50 per cent, finally reaching a value which remained unalleied 
by prolonged charging, but which varied irregularly from win* to wire. With 
small wires and ribbon (less than 0.1 mm. diametiir) then^ was a further increase 
in resistance after the interruiition of electrolysis, and a change of rivsistaniie 
whenever the charging current was changed, but these elTects were not. found 
with larger wires (0.32 mm.). The resistaniie of the saturated ware (less than 
0.1 mm. diameter) observed during momentary interrujitions of the electrolysis 
varied in a well-defined manner w'ith the polarizing current, and thi' resistance 
after the interrufition of the electrolysis undergoes changes which are reversible 
and reproducible. ConsidiTat.ions are given which make it, jirobable that, the 
changes of resistance in the smaller wares are due to iiroiH'sses occurring within 
the metal, and not far removed from its surface, and the tentative lionclusion is 
suggested that hydrogen oi^cluded at the cathode surface exists for some time 
in a transitional state in which it jiossesses an electrical conductivity of its own, 
and passes gradually into another form in whiili it has much less conductance, 
or none. A few experiments on copper wires, and a single except.on on a nickel 
wire, show that these metals do not suffer any measuralile change of electrical 
resistance under conditions which produce a high degree of occlusion in palladium. 

Stahl t has investigated the solubility of gases in molten (iopper, and states 
that the evidence of the solubility of hydrogen is given by the surface disin- 
tegration and blister-like structiiri* assumed by the metal during solidification 
after exposure to this gas. An absorption of hydrogen and diffusion through 
copper has been detected at 650° C. Up to 1500° G , the absoryjtion increases 
almost linearly with the temperature, except at the melting-point of the metal, 
when a sudden increase occurs. At 650° the solubility is 0,1. and at 1500° C., 
1.4 milligrams of hydrogen per 100 g. of copper. With both the molten and solid 
metal, the solubility increases as the square root of the pressure. The conduc- 
tivity of copper is not affected by dissolved hydrogen. On heating copper con- 
taining oxide in a hydrogen atmosphere, the gas penetrates the metal and 
reduces the oxide with formation of water, which escapes by disintegrating the 
metal and rendering it unsuitable for further mechanical working. A reaction 
of this nature takes place in molten copper during the “ polling ” treatment. 

Hydrocarbons are decomposed by molten copper into carbon and hydrogen, 
of which the former and the latter absorbed. No occlusion of any undecomposed 
hydrocarbon has been observed. 

. ♦J. Am. Chem. Soc., 38, 2577-94, 1916; Chem. Abs., 1917, 8. 
t J. S. C. I., 1914, 1159. 
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The solubility of hydrogen and nitrogen in iron has been investigated by 
Jurisch * 100 g. of iron wire with 0.04 per cent carbon were heated in a quartz 
bulb and the absorption of hydrogen measured at different temperatures. Be- 
tween 416° and 1450°, the solubility of hydrogen in iron increases with rising 
temperature, at the former t,cmperature 0.035 milligram of hydrogen is ab- 
sorbed and at the latter 1.0<S milligrams. Between 850° and 900° an abnormal 
absorption was noticcid owing to the reaction between the trace of carbon present 
and hydrogen to form methane, whereby the carbon content of the iron was 
reduced to 0.02 per cent. When slowly cooled only 0.01 milligram of hydrogen 
remained with the iron. Experiments with reduced iron }X)wder previously 
heated for nine hours in hydrogen showed that the maximum nitrogen absorp- 
tion took plate at 930° when 21.65 milligrams were absorbed. At 878° only 
1.58 milligrams of nitrogen were absorbed and above 930° the absorption grew 
gradually smaller. The aliove data refer to hydrogen and nitrogen at ordinary 
atmospheric pressure. 

Joukoff t states that when cerium is heated in an atmosphere of hydrogen it 
rapidly absorbs the gas at, about 350° C. Between 450° and 510° C. the; dis- 
sociation pressure was about 1 millimeter so long as the proportion of hydrogen 
did not exceed that corresponding to cerium hydride; beyond this the disso- 
ciation pressure increased with the hydrogen concentration. It is eoiuiuded 
that the hydride is formed, and that this hydride is capable of dissolving 
hydrogen. 

Theoretical considerations on hydrogenation on the basis of velocity measure- 
ments made on the hydrogenation of furnaric acid with palladium sol as e,at- 
lyzer are discussed by Korevaar f in a preliminary paper, containing no experi- 
mental results. The rate of hydrogenation of furnaric acid in the presence of 
palladium sol is in accordance with Nern.st’s surface film theory of heterogeneous 
reaiitions. The velocity was found to increase as the l,wo-thirds power of the rate of 
etirring, and the temperature coefficient per 10° was 1.25, instead of 1.7, the 
theoretical for microheterogeneous systems. With small concentration of palla- 
dium sol, doubling the amount of sol more than doubled the rate of hydrogena- 
tion; this has been exjilained by Bredig as a common property of microhetero- 
geneous systems due to increased Brownian movement. Since, in systems of 
this type, the apparent rate of the reaction is determined by the diffusion of 
the reacting molecules through the stationary film, at high initial concentration 
of furnaric acid the rate should be determined by the rate of diffusion of the 
hydrogen, and hence should be constant; when the concentration of furnaric 
acid decreases below a value determined by the hydrogen concentration and the 
ratio between the diffusion constants of the two molecular species, the rate 
should be determined by the diffusion of furnaric acid, and hence should be that 
of a first order reaction. This is in hannony with the experiments. 

Unsaturated acids of the olefin series have been reduced electro- 
lytically under similar conditions and their arrangement, according 
to ease of hydrogenation determined by Pomilio.§ The reductions 

* Inaug. Dissert. Leipsic, 1912; Chem. Ahs., 1915, 286. 

t J. Russ. Phys. (Jhem. Soc., 1914, 2073, Bull. Soc. Chim., 1914, 531; J. S. C. I., 
1914, 1206; Chem. Abs., 1915, 566. 

t Chem. Weekblad, 13, 98-107, 1916; Chem. Abs., 1916, 1002. 

§ Z. Electrochem., 1915, 2i, 444; Chem. Abs., 1916, 2576. 
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were carried out in both aqueous and alcoholic solutions of sul- 
phuric acid, using a nickel gauze cathode impregnated with spongy 
nickel and a platinum anode. The current employed was 0.5 ami)ere 
and the temperature ranged from 25° to 90°. Electrolysis was 
carried on for six to twenty-four hours. In this way the rates of 
reduction of crotonic, allylacetic, undecylic, oleic, crucic, linoleic, 
linolenic, fumaric, maleic, mesaconic, citraconic, itaconic^, allylma- 
lonic and aconiti(^ acid have been examined and the results tabulated 
graphically. The curves obtained show that the s})ecd of hydro- 
genation depends both on the solvent and the nature of the acid. 
The most easily reduced acid is maleic; in the class of mod('ratcly 
easily reducible acids are placed citra(!onic and related ac'ids, while 
the higher members of the series, insolubk' in water, like olei(! acid, 
are classified as difficultly reducible. Oleic acid, in fact, is reduced 
only very slowly either in aqueous suspension, aciueous or alcoholic 
soap solutions, or in turkey red oil, using a large variety of metals 
as cathodes 50 cc. of this acid in 0.2 H 2 SO 4 at 70° with a Ni cathode 
gave only 9.0 g. of stearic acid after ten hours. Eriu'ic, ricinok'ic 
and linolenic acids all showed little or no reduction wIhui tr(;ated 
elcctrolytically. Of the higher unsaturated a(‘ids linolic is most (nxsily 
educed, proof, according to Pomilio that the 0 :(' and 0:0 groups 
are in close proximity, assuming with Thiele that the i‘(‘activity 
depends on the relative position of these double unions. 

On the assumption that, during the absorption of hydrogen, this gas and tbc 
unsaturated substamic traverse a layer surrounding the particles of the catalyst 
and that, consequently, the medium should exert a marked influence on the rate 
of absorption, Bdeseken and Bilheimer.* have measured the rate of reduction 
of pinene in various solvents with a view of obtaining data concerning this influ- 
ence. In formic acid or absolute alcohol the absorption proceeded very slowly 
and the activity of the catalyst was seriously impaired; in anhydrous ether the 
rate of the absorption was diminished but the activity of the platinum was not 
'decreased. When ethyl acetate was used as the solvent the absorjition jiro- 
ceeded regularly at first, then decreased and practically stopped, but the activity 
of the platinum was not afFccted. With acetic acid the rate of absorption de- 
creased without the catalyst losing its activity, and similar results were observed 
in the case of propionic, butyric, isobutyric, and isovaleric acids. 

♦ Rec. Trav. Chiin. Pays-Bas., 1916, 35 288-298; J. S. C. I., 1916, 487. 
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THE ANALYTICAL CONSTANTS OF HYDROGENATED OILS* 

The hydrogenation of oils has to such an extent changed certain of 
the constants by which oils and fats are at least in part identified, 
namely, the iodine number and the specific gravity, that the identifi- 
cation of a fat or fatty mixtures, often heretofore a troublesome matter 
at best, now promises to become even more difficult. 

The reduction of the iodine number through the introduction of 
hydrogen into the oil, in a sense, is arbitrary; there is no difficulty in 
reducing the iodine number almost to zero through the hydrogenation 
process, or at any moment to interrupt the operation and from one and 
the same initial material to produce products having the most varied 
iodine numbers. 

The specific gravity and melting point advance hand in hand as 
saturation progresses, the specific gravity approaching that of tri- 
stearin, while the resultant melting point in considerable measure de- 
pends upon the molecular weight and the hydroxyl content of the 
fatty acid components of the oil. The specific gravity of a hardened 
cottonseed oil whose iodine number had been reduced to zero was 
found by Normann and Hugel f to be 0.9999 at 15° C., while they note 
that tristearin has a specific gravity of 1.0101 at the same temper- 
ature.f 

The index of refraction also is strongly modified. A sample of fish 
oil at 56° C., according to Normann and Hugel, showed a figure of 
53.8; while after hardening to an iodine number of 22.5 the index was 
36° C. at the same temperature. (Scale of the Zeiss butter refrac- 
tometer.) 

Observations made in the author^s laboratory on the index of re- 
fraction of a number of hydrogenated oils gave the results noted 
below : § 

* Jour. Ind. Eng. Chem. (1914), 117. 

t Chem. Ztg. (1913), 815. 

t The specific gravity of tristearin is given by the Chemiker Kalender as 1.0101 
at 15® C., while Lewkowitsch reports the specific gravity of a specimen of not quite 
pure stearin in the melted state as 0.9235 at 65,5® C. 

§ A sample of hydrogenated cottonseed oil used extensively in this country 
exhibited a refractive index of 1.4492 and a melting point of 59.9° C. 
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INDEX OF REFRACTION AT 55° C. 
(Abb6 Refractometer 


Corn 

Whale (xNo. 1) 

Soya bean 

Cocoanut oil (‘'olein”) 

Linseed 

Palm 

Palm 

Peanut (edible) 


Original oil 

Hydrogenated oil 

i 

1.4615 i 

1 4514 (M. P. 55.7° C.) 

1.4003 I 

1 4550 (M. P. 41 5° C.) 

1.4017 

1.4538 (M. P. 50.3° C.) 

1 4429 

1.4425 (M. P. 24 7° C.) 

1 4730 i 

1 4610 (M. P. 42 3° C.) 

1 Am 

1 4517 (M. P. 38 7° C.) 

1 4523 

1 4404 (M. P. 44 8° C.) 

1.4567 

1.4547 (M. P. 34.7° C.) 


It is of interest to note that while the addition of hydrogen to fatty 
oils reduces tlie index of refraction, the addition of oxygen increases the 
index as is shown in the case of blown or ozonized oils. 

The gradual reduction of the index of refraction by progressive 
hydrogenation is shown in the following table compiled from deter- 
minations made in the author's laboratory. 

Cottonseed oil was hydrogenated for a period of ten hours and 
samples were drawn at one-hour intervals. 



Melting point 

Index of lefraction, 

Sf)” c. 

Original oil 


1 4588 

1 hour 

28 2° C. 

! 1.4577 

2 hours 

31.3 

1 4568 

3 hours 

34 3 

1.4557 

4 hours . . 

37.9 

1.4549 

5 hours 

40 8 

1.4540 

6 hours 

43.8 

1.4527 

7 hours 

45 6 

1.4518 

8 hours 

47.3 

1.4510 

10 hours 

55.9 

1.4490 


The saponification number practically does not change. The con- 
tent of free fatty acids changes but little. A sample of cottonseed oil 
containing 1.8 per cent fatty acid was found, after hardening to 
various degrees, to have a fatty acid content ranging from 1.4 per cent 
to 1.9 per cent. With sesame oil containing 2.44 per cent fatty acid 
the resulting hardened oil contained 2.55 per cent of acid. The con- 
tent of unsaponifiable bodies does not essentially change. Cotton- 
seed oil having 0.55 per cent unsaponifiable matter, after hardening, 

* Refraction values are given in terms of true refractive index and also according 
to the arbitrary scale of the butyro refractometer, in order to follow the data avail- 
able, as rendered. 
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showed a content of unsaponifiable bodies ranging from 0.45 per cent 
to 0.55 per cent; sesame oil with an unsaponifiable content of 0.70 
per cent, after hardening, contained 0.85 per cent unsaponifiable. 

Cholesterol and phytosterol, according to Bomer, are not changed 
by treating oils with hydrogen, although this is somewhat contrary 
to the statement of Windaus,* according to whom cholesterol may be 
easily reduced by the catalytic process. Willstatter and Mayer f 
hydrogenated cholesterol in ether solution with a platinum catalyzer. 

An examination of the unsaponifiable constituents of several hardened 
oils has been made by Marcusson and MeyerheimJ who used the digi- 
tonin method for the separation of sterol. The following table gives 
the results obtained. 


TTNSAPONIFIABLE CONSTITUENTS OF HARDENED OILS 



Total 

UH'^UP* 

onifi- 

able 

mutter 


Steiol 
obtained 
by di«i- 
tomn 
method 

Sterol-free unsaponifinble 
conipononlH 

Per 

cent 


Per 

cent 

Per 

cent 


Iodine 

number 

C()tl()ns(*c'(l oil (solidifying [)oint 32® C.) 

0 7 

-58 

0 22 

0 4 

+ 68 


Cottonseed oil (solidifying point 38® C.) 

0.6 

± 0 

0 14 

0.4 

+ 8 1 


Linseed oil 

1 0 

+19 5 

0 21 

0.7 

+19 

85 

Castor oil 

0 3 

-10.1 

0 13 

0.19 

+ 52 


Talgol 

0 9 

- 1.9 

0 10 

0 7 

+ 1.3 

56. i 

Talgol exira. . . 

0.9 

- 3.3 

0 07 

0.7 



( Handel ite. . 

0 8 

+ 4.7 

0.05 1 

0.7 

+ 48 


Candelile extra 

0.7 

+ 1.4 

0 024 

0 64 

+ 28 



The examination showed that the sterol content of hardened fats is 
slightly less than that of the corresponding natural fat or oil. The 
cottonseed oil first listed was prepared by the Wilbuschewitsch process 
at 150 to 160° C. with hydrogen under pressure. The second sample 
of the cottonseed oil was made by the Normann process, presimably 
at a higher temperature but without pressure. At temperatures of 
150 to 160° C. apparently the difficultly reducible sterol is not affected 
by hydrogen and Marcusson and ‘ Meycrheim call attention to the 
observations of Adamla § who could not hydrogenate cholesterol with a 

* Ber. d. chem. Ges. (1912), 3051. 

t Willstatter and Mayer converted cholesterol quantitatively into dihydro- 
cholesterol by passing a slow stream of hydrogen for two days through an ethereal 
solution of cholesterol in the presence of platinum black (Ber., 1908 ( 41 ), 2199). 
(See U. S. Patent to Ellis, 1,086,357, Feb. 10, 1914.) 

t Zeitsch. f. angew. Chem., 1914, 27, 201 . 

i Dissertation. Beitrage zur Kenntnis des Cholesterins, Freiburg, 1911, 12 . 
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nickel catalyzer at temperatures billow 170° (L Marcusson and Meyer- 
heim found cholesterol to hydrogenate readily at 195° C. while phytos- 
terol was practi(;ally uiichang(Kl after treatment with hydrogen at 
200° C. From these and other tests it was found that (*holesterol is 
much less resistant than phytosterol to the action of hydrogen. 

The content of sterol decreases with increasing melting point as shown 
by the following table. 


Ilydrogenatetl oil | 

Iodine 

number 

Soiidifyinc 

point 

Stem I 
content 

Whale oil (not hydrogenated) . 

114 


0 13 

Talgol . . . 

Talgol extra 

67 

31 

0 10 

36 

38 

0 07 

Can del it e 

20 

42 

0 05 

(vandelite extra 

13 

45 

0 02 


The unsaponifiable constituents of hardened fat when freed from 
sterols were of light yellow color and of saiv('-like consistency. These 
sterol-free bodies obtained from Talgol, Talgol extra, Camk'lite and 
Candelitc extra, when recrystallized from benzine, yielded a product 
melting between 59.8° and 59.8°, which proved to be a fatty alcohol, 
probably octodecyl alcohol. 

In the case of the acetyl number more noticeable changes take place 
according to Normann and Hugel. When hardening castor oil, for 
example, the hydroxyl number in one sample dropped from 156 to 102; 
in another sample the number fell to 131. The hydroxyl group is thus 
more or less broken down by the hydrogenation process, at least under 
some conditions of treatment. 

HYDROGENATED CASTOR OIL 


Acid number 3 5 

Saponification number 183 5 

Iodine number 4.8 

Acetyl number 153 5 

Acetyl number of the fatty acids 143.1 

Acid number of the fatty acids 184 5 

Saponification number of the fatty acids 187.9 

Melting point of the fat 68° C. 

Melting point of the fatty acids 70° C. 

Melting point of the acetylated acids 47° C. 


The properties of hardened castor oil have been noted by Garth * 
whose observations differ somewhat from those of Normann and 
Hugel. As is generally known, castor oil differs materially from many 
3eifen. Ztg. (1912), 1309. 
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other common oils in such respects as its high viscosity, solubility in 
alcohol and difficulty of salting out its soaps by electrolytes. Hard- 
ened castor oil dissolves in alcohol only by heating and separates on 
cooling, but is soluble at ordinary temperature in chloroform. The 
constants of one sample of hardened castor oil examined by Garth are 
given in the above table. 

These results obtained by Garth would indicate that the saponifi- 
cation and acetyl number do not change. The iodine number has 
fallen greatly and the melting point is much increased. The differ- 
ence between the acid number of the fatty acids and their saponifica- 
tion number points to the formation of lactones. As is known castor 
oil has the property at high temperatures of forming anhydrides, 
accompanied by polymerization. 

The effect of hydrogenation on color tests of oils is variable. Thus 
the Boudouin sesame oil test is not influenced; in fact the reaction 
seemingly is sharper after treatment of the oil with hydrogen, while 
the Halphen test is not likely to give positive results even with oils 
which have been only slightly hardened. 

The Becci test is operative with slightly-hardened cottonseed oil, 
but is indistinct with highly-hardened oil so that this test is significant 
only in event of a positive coloration. 

Hardened fish oil loses all its essential characteristics, such as the 
formation of well-defined bromine compounds of the higher unsatu- 
rated fatty acids. Thus there are obtained after hardening, new fatty 
acids corresponding to the saturated bodies, arachidic (C20H40O2) and 
bcffienic (022114402) acids, which in variable amounts up to a proportion 
of 20 per cent and more have been observed in certain hydrogenated 
oils. In the hardening of rape oil behenic acid is formed from the 
erucic acid present. Other oils or fats with a noticeable proportion of 
acids with more than 18 carbon atoms in the molecule apparently 
scarcely ever come into the trade. 

The complete conversion of erucic acid to behenic acid is readily 
obtained by reducing with hydrogen in the presence of nickel. This 
method has been used by Lewkowitsch in the determination of erucic 
acid.* 

The saturated fatty acids obtained by the hydrogenation of the un- 
saturated acids of Japanese sardine oil were found by Majima and 
Okada f to have a melting point of 75 ® 0 . and a molecular weight of 
349 , and consist(Hl in the main of the higher homologues of stearic 
acid, such as C20H40O2 or C22H44O2. Similar results were obtained on 

* Lewkowitsch, Oils, Fats and Waxes, 5th edition, Vol. I, 195 and 553. 
t J. S. C. L, 1914, 362. 
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hydrogenating the more fluid fatty acids obtained by chilling and 
pressing. 

As a test for hydrogenated peanut oil, Kreiss and Roth* have given 
a method which consists in saponifying 20 grams of the oil with 40 cc. 
of alcoholic potash; then adding 60 cc. of alcohol and acidifying by 
the addition of 50 per cent acetic acid of which approximately 15 cc. 
are required. One and one-half grams of lead acetate are added and 
the mixture allowed to stand overnight. The lead salts which sepa- 
rate are decomposed by boiling with 5 per cent hydrochloric acid, the 
fatty acids are dissolved in 50 cc. of 90 per cent alcohol with slight 
warming and the solution is placed in water at 15 degrees for about 
one-half hour. The crystals which separate are recrystallized from 
25 cc., then 12| cc. of 90 per cent alcohol and the melting point deter- 
mined. The presence of at least 5 per cent arachidic acid causes the 
melting point of the third crystallization to be over 70° C. 

Normann and Hugelf state that this test is applicable likewise to 
hardened fish and rape oil. They tested a number of samples of fish 
oil from several sources and found in each case that the melting point 
of the recrystallized fatty acids was at least 70 degrees. Normann and 
Hugel also state that it is unne(;e.ssary with hardened fish oil to allow 
the lead acetate to react for several hours, it sufficing simply to let the 
mixture stand until cooled to room temperature; this can be hastened 
by cooling with water. So large a proportion of fatty acids is obtained 
according to this procedure that the specified amount of alcohol is not 
sufficient to dissolve them. It is better to use 100 to 150 cc. of alcohol 
and heat on the water bath until solution is affected. The application 
of heat should not be continued for any great length of time as arachidic 
acid readily forms esters. The mixture is then placed in cold water, 
cooled to room temperature and the separated material collected and 
crystallized several times from alcohol used in progressively diminish- 
ing proportions. Three crystallizations suffice for only slightly hard- 
ened fats. With fats of higher consistency one must recrystallizc 
several times more until the melting point is constant. 

In one case using hardened fish oil having a melting point of 44, 
three recrystallizations from alcohol gave a constant melting point of 
only 63 degrees, while further recrystallization using acetone caused 
the melting point to advance to 76 degrees. In doubtful cases one 
should try several solvent mediums. If the melting point is found to 
be above 70° C. Normann and Hugel think it proof that either hard- 
ened fish, rape or peanut oil is present. If one is certain of the unitary 

♦ Chera. Ztg. (1913), 58 and 369. 

t Ibid. (1913), 815. 
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character of the oil then peanut and rape oil can be distinguished from 
fish oil by the cholesterol test, providcid the statement of Homer in 
regard to the unchangcability of cholesterol and phytosterol under 
ordinary conditions of oil hydrogenation is confirmed. 

Data on hardened oils by Davidsohn* are tabulated below: 



1 M. P. 

i 

Acid 

number 

Saponifi- 

cation 

number 

1 

Moisture 

Ash 

Talgol 

39.3 

3.4 

191 0 

0 10 

0 07 

Talgol extra 

46 5 

3.5 

191 3 

0 13 

0 05 

Candelitc 

49 0 

3.2 

191 0 

0 20 

0 08 

Candelite extra 

51 9 

3.9 

190 8 

0.15 

0 04 

Coryphol 

79 3 

3 3 

189.9 

0 18 

0.05 


These hardened fish oils or other hardened oils put out under the 
trade names indicated are manufactured by the Germania Oil Works 
of Emmerich. 

Knapp t states that the attention of analysts should be directed to 
the fact that in the immediate future they will be called upon to ana- 
lyze certain new artificial fats prepared by hydrogenation and, not 
improbably, to detect their presence as adulterants. Thus, for ex- 
ample, starting with olive oil, as the absorption of hydrogen proceeds, 
a turbid oil, then a liquid magma, then a soft fat and finally a hard 
fat is obtained. Knapp observes, “ A similar change occurs with all 
oils containing glycerides of unsaturated acids. This rise in the melt- 
ing point is naturally accompanied by a decrease in the iodine value 
and refractive index. Fats have been prepared in this way from cot- 
tonseed oil with iodine values as low as 5, and if desired the iodine 
value could doubtless be reduced to 0, and the melting point raised to 
60° or 70° C. While it is too costly for commercial purposes to carry 
the saturation of the unsaturated glycerides to completion, it might 
be of value in the laboratory as an aid to determining the component 
glycerides in a pure oil. Not only the oils containing glycerides of 
oleic acid can be hardened, but also those containing glycerides of 
linolic acid and linoleic acid (the drying oils), and even of such highly 
unsaturated acids as clupanodonic (in whale oils). Anyone who has 
seen a nsialodorous oil converted into a bland odorless tallow realizes 
the commercial possibilities of the process. And when it is remem- 
bered that the process can be stopped when the iodine value reaches 
a desired number, the possibility becomes evident of the preparation 

♦ Org. f. d. 01- und Fetthdl. (1913), Nos. 14 and 15, and Seifen. Ztg. (1913), 529. 

t The Analyst (1913), 102. 
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of a fat with any required analytical figures.” In support of the fore- 
going, Knapp furnishes the following data: 


Hardened ods 


Appearance 


Original oil. 
Clear liquid 


Solid particloa 
flouting 


Soft greasy 
solid 


Brittle Holid 


Butyro-refractometer (cor- 
rected to 40° C.) 

Fatty acids: 

Iodine value 

Titer 


57.7 

110 

34.7° C. 


94 55 

37.0° C. 42.5° C. 


47.7 

22 

52 2° C. 


Neutralization value: 
(mg. KOH) . . 


197 


196 



The analyst is chiefly interested in the question of how these fats 
are to be detected. It is doubtful if their most characteristic feature, 
the relatively high percentage of stearic glycerides which they contain, 
will be of much service, Knapp states that until the manufacturer 
accomplishes the difficult step of completely removing the nickel, the 
detection of traces of this metal will be the simplest and most reliable 
test for hardened oils.* Although the catalyst is very finely divided, 
the manufacturer can obtain a perfectly clear fat by careful filtration, 
and hence it is the nickel contained in the nickel soaps formed by the 
free fatty acids present that one has to detect. The following method 
is suggested; 50 grams of the fat are heated in a flask with 20 cc. hydro- 
chloric acid, with continued vigorous shaking. The mixture is allowed 
to separate while hot, and part of the acid solution is evaporated to 
dryness, dissolved in a drop of water and placed on a white tile. One 
drop of ammonium sulfide is added to this and also to a drop of water 
for comparison. Knapp, however, tried this test only on a few hard- 
ened oils, and in some cases with negative results. Dimethylglyoxime 
is a much more delicate test, but unfortunately Prall has found f that 
certain pure untreated oils give a red coloration. Hence further 
investigation is needed. 

One of the most characteristic tests for fish oils — the bromide 
estimation — is quantitatively useless for these oils after hardening, 


* Too much reliance should not be placed on the nickel test as evidencing the 
presence or absence of hydrogenated oils. It is ^ known to the writer that hardened 
oils which are^ree from nickel are on the market, these in some cases presumably 
having been prepared with the aid of palladium as a catalyzer. 

t Zeitsch. Untersuch. Nahr. Genussn, (1912), 24, 104, and Analyst (1912), 

\3r,45it: , 
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as the percentage of ether-insoluble brominated glycerides is greatly 
reduced thereby. Not only are the analytical figures for the oils 
altered by this absorption of hydrogen, but also the traces of substances 
which often serve as a useful test for the particular oil in which they 
occur — e.g., Halphen’s reaction. Knapp believes Bomer’s observa- 
tion that phytosterol and cholesterol are not changed in this process 
is of great analytical value. 

Three fats obtained by Knapp from a clear cottonseed oil, hardened 
by hydrogen with the help of different catalysts, gave the following 
figures : 


Catalyst 

Percentaj.e of 
catalyst 

Character of 
product 

Butyro-refrac- 

tion 

(Corrected to 
40* C.) 

Melting point, 
“C. 

Nickel 

1 00 

Hard 

45.7 

49 

Platinum 

0.10 

Hard 

47,8 

46 

Palladium 

0 06 

1 

Brittle ' 

45 5 

52 


The keeping properties of these hardened oils were found to be 
remarkably good. Although prepared nearly a year and a half pre- 
viously and having often been exposed to damp air, yet they showed 
no signs of rancidity. The free acidity (0.70 per cent as oleic acid) 
did not appreciably change during the period of observation. 

Bomer* is in substantial agreement with the foregoing, for he states 
that (1) the hardened oils, as a result of the more or less complete 
transformation of unsaturated fatty acids (oleic, linoleic, linolenic) 
into stearic acid, show an increase in the melting and solidifying points 
as well as a lowering of the refractometer number and iodine number 
while the saponification number is but little altered. 

(2) Judging by the iodine numbers of the liquid fatty acids, these 
acids appear to be not uniformly transformed into stearic acid, but 
the transformation of oleic acid appears to progress more slowly than 
the less saturated linoleic and linolenic acids, etc.f 

(3) Among the hardened oils, the soft and medium-hard products, 
in color, consistency and in part also in odor and taste show a greater 
or less similarity to beef or mutton tallow, so that by external appear- 

* Chem. Rev. u. d. Fett und Harz Ind. (1912), 220. 

t Muller (Seifen. Ztg. (1913), 1376) examined a hydrogenated fish or whale oil 
known as Talgit, having an iodine number of 49, and found the iodine number of 
the liquid fatty acids obtained from this material to be 100, from which he concludes 
that the addition of hydrogen occurs simultaneously with both the oleic and the 
more unsaturated acids and not successively in such a manner as to convert the 
acids containing two or more double bonds into oleic acid before oleic becomes 
transformed into stearic acid. 
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mce one cannot distinguish these hardened oils from such animal 
fats; for example medium-hard peanut oil is so completely like neutral 
lard, and hardened whale oil is so like mutton tallow, that one is not 
able to distinguish between these fats by appearance, consistency, 
odor or taste. 

(4) Not only in their outward properties are these hardened oils 
like hog fat and mutton tallow, but also the usual analytical constants 
are so similar that one cannot distinguish some samples of hardened 
peanut oils and hardened sesame oil from hog fat, nor whale oil, in 
some cases, from mutton or beef tallow. In the latter case even the 
Polenske numbers agree while in the case of sesame oil they are some- 
what lower than hog fat. 


Oil 

Appearance 

Melt- 

ing 

point 

Solidi- 

fying 

point 

Refriic- 
tometer 
at 40° 

Acid 

No.* 

Saponi- 

fication 

No. 

Iodine 

No. 

Peanut oil un- 
treated 

Yellow liquid. . 



56 8 

1.1 

191.1 

84.4 

Peanut oil 







hardened 

White tallowy. . . 

51.2 1 

36.5 

50.1 

1.0 

188.7 

47.4 

Sesame oil 

i 






hardened 

White tallowy. . . 

62 1 

45 3 

38. 4t 

4.7 

188.9 

25 4 

Cottonseed oil 
hardened 

Yellowish 
lard like 

38 5 

25 4 

53.8 

0 6 

195.7 

69.7 

Cocoanut oil un- 





1 



treated 

White soft 

25 6 

20.4 

37.4 

0.3 

255.6 

11.8 

Cocoanut oil 








hardened 

White lard like. . 

44.5 

27 7 

35.0 

0 4 

254.1 

1 0 

Whale oil hardened.. 

Yellowish tallowy 

45 4 

33.7 

49.1 

1.1 

193.0 

46 8 


• Milligrams potassium hydroxide for 1 gram fat. t Determined at 50® C. 


Bomer examined a number of hydrogenated oils and tabulated the 
results of his investigations and from these the above condensed table 
has been compiled. 

The solid and liquid fatty acids separated from the hydrogenated 
fat by the method of Farnsteiner showed the following properties: 


Oil 

Solid fatty acids 

I 

Liquid fatty acids 

M. P. 

Acid No. 

Refraction at 
40* C. 

Iodine 

No. 

Peanut oil untreated i 



47.6 

42.9 

44.7 

48.3 

44.4 

91.8 

82.9 

88.9 
115.6 

96.0 

Peanut oil hardened 


199.7 
199.5 

206.8 
199.5 

Sesame oil hardened 

56.4 

45.0 

Cottonseed oil nardened 

Whale oil hardened 
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Samples of these hardened oils were examined for cholesterol and 
phytosterol. Hardened peanut oil was found to contain 0.4 per cent, 
sesame oil 1.9 per cent, cottonseed oil 1.6 per cent and whale oil 0.2 
per cent of sterol, of which the three first-mentioned hardened products 
exhibited the typical crystalline form of phytosterol. The melting 
point of these sterols ranged from 132® to 139® C., yielding acetates 
melting between about 126° and 129® C. The hardened whale oil gave 
a sterol melting at 149.7® C. 

Bomer made a series of fractional crystallizations of hardened oil 
and from a sample of hydrogenated peanut oil obtained tristearin 
(amounting to about f per cent). Bomer has called attention to the 
rather striking behavior of cocoanut oil. He calculated from the 
iodine number that the natural oil contained 13 per cent of oleic acid 
and after hydrogenation approximately about 1 per cent of this acid 
was present. As a result of the transformation of 12 per cent of oleic 
acid into stearic acid, the melting point increased from 25.6° to 44.5° C., 
or thus 18.9° C., while the solidifying point advanced from 20.4° to 
27.7° C., or only 7.3° C. 

Bomer * has studied the melting points of hydrogenated oils and as 
regards hydrogenated peanut and sesame oil he notes that the melting 
points of the least soluble glycerides are very high, being 70.6° C. and 
71.5° C. respectively, while the corresponding fatty acids melted at 
68.6° C. and 68.5° C.; hence these glycerides apparently consist of 
tristearin. The hydrogenated cottonseed oil examined yielded a mix- 
ture of glycerides of melting point 61.3° C. and derived fatty acids 
melting at 38° C. 

A species of hardened fish or whale oil, known as ‘^Talgit,” has been 
examined by Muller f who found the product to have an acid value of 
12.8, an iodine number of 49 and a titer (fatty acids) of 39.4° C. The 
fat was saponified and pressed to obtain stearic acid. It was found 
that the operation of pressing could be carried out effectively to yield 
a product technically free from liquid fatty acids; 35 per cent of solid 
fatty acid having a titer of 48.7° C. was thus obtained. Muller states 
that since mixtures of stearic and palmitic acids possess a solidifying 
point above 53.5° C. the low titer of the solid acids of Talgit points to 
the presence of solid acids other than stearic and palmitic. DubovitzJ 
thinks the low melting point to be due to the presence in the original 
fish or whale oil of hypogaeic and physetoleic acid or similar acids with 
possibly unsaturated fatty acids of a still lower nupaber of carbon atoms. 

* Z. Untcrsuch. Nahr. Genussm. 1914, 153; J. S. C. I., 1914, 323. 
t Seifen. Ztg. (1913), 1376. 
t Ibid. (1913), 1445. 
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Leirndorfer’*' regards the stearin produced by the hydrogenation 
of some oils to be perhaps an allotropic form of natural stearin. 

The hydrogenation of linseed, peanut and sesame oil, using nickel 
oxide as a catalyzer, according to Bedford and Erdmann, affords 
approximately pure stearic glyceride. f 

An attempt is made by GrimmeJ to identify fish oils after they 
have been hardened. As stated, the ordinary constants give no clue 
to the original source of a hardened oil and hence Grimme resorts to 
color reactions. A list of tests is given for each of the four classes of 
fish oils: (1) Seal oils; (2) Whale oils; (3) Liver oils; (4) Fish oils; 
and also characteristic tests for individual oils. These tests were also 
applied to two hardened oils of unknown origin and Grimme believes 
from his results that the color reactions are characteristic enough to 
establish the presence of fish oilsi Nickel was found in the samples, 
Fortini’s test (as detailed below) giving the strongest coloration. 
Color reactions were applied to six authentic whale oils from two dif- 
ferent sources, and hardened to different degrees. These tests were 
carried out by dissolving 5 parts of the sample in 95 parts of benzine- 
xylene (1 : 1) and agitating 5 cc. of the solution with the reagent; 
after 5 minutes and 60 minutes the color was noted. Grimme finds 
the iodine-sulfuric acid reaction (1 cc. concentrated sulfuric acid and 
1 drop tincture of iodine) to give a characteristic violet-red color for 
whale oil though the intensity of coloration decreases with increasing 
hardness. The constants of the six samples of hydrogenated fish and 
whale oils employed and the coloration produced by different reagents 
are tabulated by Grimme. 


CONSTANTS OF HYDROGENATED FISH AND WHALE OILS 


Sample 

Conaistency 

Specific 

gravity 

Melt- 

ing 

point 

Solidi- 

fying 

point 

Index 
of re- 
fraction 

Acid 

No. 

Acid 
No. as 
free 
oleic 
acid, % 

Saponi- 

fication 

No. 

Iodine 

No. 

(Wijs) 

I 

Lard like. . 

0.9256 

“C. 

38.5 

“C. 
32 8 

1.4569 

3.72 

1.91 

188.8 

56.76 

II 

Tallowy. . . 
Tallowy . . . 
Tallowy. . . 
Tallowy . . . 
Tallowy . . . 

0.9259 

40.0 

35.2 

1.4548 

8.49 

4.26 

189.8 

49.82 

Ill 

0.9258 

42.4 

36.4 

1.4543 

5.64 

2.90 

189.6 

41.36 

IV 

0.9263 

44.8 

39.3 

1.4539 

4.39 

2.21 

189.2 

35.71 

V 

0.9271 

47.2 

41.5 

1.4536 

4.40 

2.25 

188.7 

26.95 

VI..;.;;.... 

0.9271 

48.0 

42.0 

1.4530 

2.18 

1.10 

189 3 

23.18 



♦ Ibid. (1913), 1317. 

t Jour. f. prakt. Chem., 1913, 432. 

i Chem. u. d. Fett und Harz Ind. (1913), 129 and 155. 
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A draft of the Codex alimentarius Austriacus, whicli has been pre- 
pared by a board of prominent chemists and officials including Hcftcr, 
Wolfbauer, Fischer, Hartl and Pellischek,* embraces the subject of 
hydrogenated oils and it is stated that considered as a food product 
these oils will require further careful investigation before it is deter- 
mined with certainty just what rank they will take as edible products. 
It is noted that the fats now offered for edible purposes are white to 
yellowish in color, almost odorless and tasteless. Usuallj^ the con- 
sistency lies between that of ordinary butter and hard tallow. Now 
and then samples are found which melt at about 60° C. and are as 
brittle as carnauba wax. These hard products, of course, are not 
intended by themselves to be used for edible purposes, but are em- 
ployed to raise the melting point of soft fats. Samples of hardened 
peanut and sesame oil with iodine numbers reduced to 50 or lowei, 
sometimes down to 20, have been examined. Cocoanut oil with an 
iodine number of 2 or even lower has been met with. The cholesterol 
of animal fats and the phytosterol of vegetable oils are not altered by 
the hydrogenation process. The hardened fats, it is stated, scarcely 
ever appear on the market in their true light, but usually are put out 
under some trade name such as Peanut-oleo,'’ '' Sesame-oleo,'’ 
“ Peanut-margarine,’' “ Sesame-margarine,” '' Crisca,” and the like. 

Hardened oils examined by Aufrechtf in outward appearances 
resembled palm kernel oil. They were very hard and of granular 
fracture, were either pure white or yellowish in color. A distant odor 
was perceptible on melting or heating. The taste recalled that of 
tallowy fats. The products were readily soluble in the usual fat 
solvent mediums, but the solubility in methyl and ethyl alcohol was 
very slight. The fats were easily saponifiable. The content of free 
fatty acid fluctuated between 0.51 to 0.83 per cent. The ash reacted 
alkaline and consisted of alkali carbonate and traces of iron oxide, but 
no nickel or other constituent could be detected. The analytical 
results are given in table on the following page. 

The detection of traces of nickel by the usual analytical methods is 
often difficult. t Dimethylglyoxime, proposed by Tchugaeff, is a 
reagent of great sensitiveness. Its application has been investigated 
by a number of chemists, and among these Bianchi and Di Nola§ 
report that the presence of copper and iron interferes with the test. 
They worked with an acid reagent and used the following procedure: 

* Seifen. Ztg. (1913), 1087i# 

t Pharm. Ztg. (1912), 876. 

t Methods oF determination are given by Grossmann, Die Bestimmungmethoden 
dea Nickels und Kobalts, Stuttgart, 1913. 

{ Chim. Faitn. (1910), 617. 
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To the substance supposed to contain nickel one or two drops of 
concentrated hydrochloric or nitric acid are added and the acid solu- 
tion so obtained is placed in a porcelain dish, or preferably on a strip 
of filter paper. A few drops of ammonia are added, or in case the 
strip of filter paper is used, this may simply be exposed to the vapors 
of ammonia. The liquid is acidified with acetic acid and a drop of 
concentrated alcoholic solution of dimethylgloxime is added. The 
presence of nickel is shown by a red coloration which grows more pro- 
nounced in the course of time. This reaction is a very simple one and 
does not require any particular technical knowledge for carrying out. 



Durotol 

(yellow) 

2 

Durotol 

(white) 

3 

Hydrogen- 
ated train oil 

Color 

Yellowish 

White 

White , 

Specific gravity at 15° C 

Melting point, °C 

0.9252 
46 5 

0.9257 
46 0 

0.9268 

48.0 

Solidification point, °C 

43 5 

43 5 

45.5 

Viscofsity at 50° C. . 

5.4 

5.4 

5.6 

Acid No. (calculated as oleic acid) . . . 

0 51 

0 57 

0.83 

Saponification No. 

162 2 

161.0 

173 5 

Unsaponifiable matter (per cent). . . 

1 92 

2.1 

2 4 

Acetyl No .... 

1 2 

1 2 

0 95 

Iodine No 

3 9 

4.2 

7 8 

Hehner No 

95 8 

95 8 

96.4 

Rcichert-Meissl No 

0.38 

0.36 

0 52 

Water 

0 0 

0 0 

0 0 

Ash 

0 037 

0 03 

0.05 


Fortini * has simplified this reaction and uses an alkaline instead of 
an acid reagent which apparently gives more satisfactory results than 
the above procedure. Fortini mixes one-half gram of dimethyl- 
glyoxime, 5 cc. 98 per cent alcohol, and 5 cc. concentrated ammonium 
hydroxide in the order given, yielding a clear, faintly yellowish liquid 
which in glass-stoppered bottles may be kept for a long time unchanged. 
The test is carried out as follows: 

The sample to be examined is freed from fat by extraction with 
ether and to the residue a drop of the reagent is added. When nickel 
is present there will appear in a few seconds a rose-colored flock caused 
by reaction with the nickel oxide present on the surface of the metallic 
nickel. Of course, if nickel is present in the form of a soap, the fat 
should be extracted with, for example, aqueous hydrochloric acid in 
the manner prescribed by Knapp in the foregoing. In order to make 
the reaction even more sensitive, the residue may be heated for a few 
moments in an oxidizing flame to produce nickel oxide. 

♦ Chem. Ztg. (1912), 146L 
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Kerr* proposes the following modification of the dimethylglyoxime 
test for nickel in hydrogenated oils and fats: 

Ten grams of the fat to be tested are heated on the steam bath with 
10 cc. of hydrochloric acid (specific gravity 1.12), with frequent shaking 
for 2 to 3 hours. The fat is then removed by filtering through a wet 
filter paper, the filtrate being received in a white porcelain dish. The 
filtrate is evaporated to dryness on the steam bath, 2 to 3 cc. of concen- 
trated nitric acid being added, after it has been partly evaporated, to 
insure the destruction of all organic matter. After the evaporation is 
complete the residue is dissolved in a few cubic centimeters of distilled 
water and a few drops of a one per cent solution of dimethylglyoxime in 
alcohol added. A few drops of dilute ammonia arc then added. The 
presence of nickel is shown by the appearance of the red colored nickel 
dimethylglyoxime. The amount of nickel present may be estimated 
by comparing the color developed with that developed in a standard 
solution of a nickel salt. 

The detection and determination of small quantities of nickel by 
a-benzildioxime is described by Atackf as follows: 

An alcoholic solution of a-benzildioxime gives with nickel compounds 
a bulky red precipitate which is insoluble in water, alcohol, acetone, 
10 per cent acetic acid and ammonia; the precipitate becomes reddish 
yellow on boiling. The reagent is much more sensitive than dimethyl- 
glyoxime, showing 1 part of nickel in 5 million of water, and the pre- 
cipitate is readily filtered. t Small quantities of nickel are determined 
as follows: 150 cc. of a hot saturated alcoholic solution of the oxime 
are added for every 0.01 gram of nickel, the mixture is heated for 
a few minutes on the water bath, filtered, the precipitate washed 
with hot alcohol, and dried at 110® to 112° C.; it has the formula 
C28H22N404Ni and contains 10.93 per cent Ni. Nickel may be sepa-r 
rated from cobalt in ammoniacal solution. a-Benzildioxime is pre- 
pared by boiling 10 grams of benzil, dissolved in 50 cc. of methyl 
alcohol, with a concentrated aqueous solution of 8 grams of hydroxyl- 
amine hydrochloride, for 6 hours, washing the precipitate with hot 
water and then with a small quantity of ethyl alcohol, in which it is 
only slightly soluble. It may be crystallized from acetone. 

According to Lindt, nickel may be determined colorimetrically by 
means of. potassium thiocarbonatc. Metals of the hydrogen sulfide 
group and manganese, cobalt and zinc should not be present. § 

* Jour. Ind. & Eng. Chem., 1914, 207. 

Chem. Ztg. (1913), 37, 773. 

t Compare Ibbotson, J. S. C. I. (1911), 1317. 

$ J. S. C. L, 1914, 335. 
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The hydrogen value is proposed by Fokin* as a means of deter- 
mining unsaturated organic compounds in a manner similar to the 
iodine values of Hubl and Wijs. 

The hydrogen value ” of an organic compound is defined as the 
number of cubic centimeters of hydrogen (at 0 degrees and 760 mm.), 
which are absorbed by 1 gram of the compound. For the test an 
apparatus is devised consisting of a distillation flask (50 to 150 cc.) 
having a small beaker fused inside on the bottom, and connected by 
means of the side tube to a gas burette and a gasometer containing 
hydrogen. In the small beaker are placed about 0.1 gram of catalytic 
platinum, moistened with i cc. of water, and in the flask the substance 
to be examined and 20 to 30 cc. of alcohol free from dissolved oxygen. 
Hydrogen is admitted and the flask is shaken by a shaking machine 
until absorption is complete. The following hydrogen values were 
obtained by Fokin, the figures in parentheses being either the hydrogen 
values corresponding with Wijs^ iodine value, or, where indicated, the 
theoretical hydrogen values. Elaidic acid, 78.6 to 81.4 (78.8); oleic 
acid, 86.2 to 87.2 (86.2); fatty acids from sunflower oil, 119.6 to 120.8 
(122.9); fatty acids from linseed oil, 164.9 to 166.3 (166.0); castor oil, 
73.7 (75.5); croton oil, 260.9 (theoretical, 258.4); undecoic acid, 
115.6 (114.1); crucic acid, 39.4 (65.6). Colophony does not absorb 
hydrogen under the conditions of the test. The hydrogen value ” 
of course is not a determination as yet of use in the identification of 
hardened oils, but is noted here because of its incidental interest. 

To detect the presence of hydrogenated oil in butter fat Seiden- 
berg t makes use of the turbidity point produced by cooling a solu- 
tion of the fat in ether-alcohol. The results obtained with three 
samples of hydrogenated oils differed considerably, depending upon 
the degree of hydrogenation. The iodine numbers of these fats were 
determined and found to be as follows: No. 1, 73.4; No. 2, 34.5; 
and No. 3, 3.4. In No. 1, the amount of the saturated and Lss sol- 
uble glycerides is comparatively small, so that these latter do not 
raise the turbidity point of butter fat sufficiently to serve for their 
detection. The effect of the saturated glycerine produced by the 
‘hydrogenation is also seen in a comparison of the results between 
hydrogenated fats No. 2 and 3. In the case of No. 3, having an 
iodine number of 3.4, the addition of even 5 per cent can be detected 
with certainty, while No. 2, which has an iodine number of 34.5, can 
be detected in quantities of 10 per cent or above, 

*.7. Rus 8. Phys. Chmi. Soi--., 40 (1908), 700; J. Chem. Soc. Abstr., 94 (1908), II, 
037. 

t J. Ind. Eng. Chem., 1918, 617» 
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The hydrogenation process has been used by Twitchell for the 
preparation of saturated fatty acids in connection with a study of 
the melting- and solidifying-points of mixtures of fatty acids and the 
use of these points to determine the composition of such mixtures.* 

Twitchell prepared three fatty acids, stearic, palmitic and behenic acid, in a 
fairly pure state. 

The stearic acid was obtained from hydrogenated corn oil. The fatty acids 
from this were distilled in a current of superheated steam and the last fraction 
crystallized a number of times from petroleum ether and from alcohol. This 
stearic acid had a solidify ing-point of 69.04® and a melting-point in a capillary 
tube of 69.30°. Its combining weight, by titration with alkali, was 284. It 
was not quite pure, as the last crystallization still caused a slight increase of the 
Bolidifying-point. 

The palmitic acid was obtained from myrtle wax, the fatty acids of which 
were distilled and then crystallized several times from petroleum ether and then 
from alcohol. This had a solidifying-point of 62.14 and a melting-point of 62.44. 
Its combining weight was 255.3. 

The behenic acid was obtained from hydrogenated menhaden oil, the fatty 
acids of which were distilled and the last fractions crystallized ten times alter- 
nately from petroleum ether and alcohol. It had a solidifying-point of 79.59° 
and a melting point of 79.99°. Its combining weight was 340.9. 

It can be assumed, Twitchell states, that on hydrogenating a fat, all those 
unsaturated acids containing 18 carbon atoms in the molecule are converted 
into stearic acid, all those containing 16 carbon atoms into palmitic acid and 
all those containing 22 carbon atoms into behenic acid. On comparing the mix- 
tures obtained it is seen that the palmitic acid has not increased in the fatty 
acids of the hydrogenated product; therefore, cottonseed oil fatty acids contain 
no unsaturated acids with 16 carbon atoms. As the hydrogenated oil fatty acids 
contain 70.8 per cent stearic acid plus 2.0 per cent of oleic acid the original oil 
fatty acids would contain about 72.8 per cent of unsaturated acids with 18 
carbon atoms, provided there was no stearic acid originally present; at any rate, 
it can be concluded that all the unsaturated acids of cottonseed oil have 18 
carbon atoms in the molecule. 

The composition of the fatty acids of cottonseed oil is therefore about as 
follows: 


Palmitic acid 25.9 per cent 

Unsaturated acids with 18 carbon atoms 72.8 per cen. 


The increase in weight due to addition of hydrogen, being very small, has not 
been considered in the above calculations. 

The hydrogenated fatty acids were shown to contain 25.9 per cent of stearic, 
23.2 per cent of palmitic acid and 18.7 per cent of behenic acid. The palmitic 
acid was present in the original oil, but the stearic and behenic acids have 
been formed from unsaturated acids with 18 and 22 carbon atoms, respectively. 

The results indicate a composition for menhaden oil fatty acids about as 

as follows: 


*J. Ind. Eng. Chem., 1914, 664. 
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Palmitic acid 22.7 

Other solid, saturated acids 11.8 

Unsaturated acids with 16 carbon atoms None 

Unsaturated acids with 18 carbon atoms 26.7 

Unsaturated acids with 22 carbon atoms 20.2 

Other unsaturated acids 18.6 


100.0 

These fatty acids, therefore, probably contain about 18.6 per cent of another 
unsaturated acid with some other number of carbon atoms, and also 11.8 per 
cent of another saturated acid. 

In the course of Twitchell’s previous work on menhaden oil as 
above outlined, a fractional distillation was made of a fatty acid sep- 
arated from the hydrogenated oil. There were twenty-one fractions 
in all. In this distillate were found behenic, stearic and palmitic acid. 
The presence of arachidic and myristic acid seemed probable but hav- 
ing neither of these acids in the pure form, Twitchell could not at that 
time establish their presence in any of the fractions. He therefore 
carried out the following investigations: * 

If any myristic acid were pre.sent it would very likely be found in the first 
fraction. To further concentrate it, a portion of this fraction was dissolved n 
alcohol, partially precipitated with lead acetate and filtered. The fatty acids 
were separated from the filtrate and melted in the proportion of 20 parts with 
80 parts of myristic acid: 


The m.p. of this mixture was 51 60° 

That of pure of myristic acid is 53.76° 


The lowering of the m.p. was therefore 2.16° 

The lowering of the m.p. of myristic acid by 20 per cent of palmitic acid is 4.53° 
The percentage of myristic acid in the fatty acids under examination is 

therefore 100X(4.53--2.16)/4.53 = 52.3% 


which clearly establishes the presence of myristic acid in the hydrogenated oil. 

Arachidic Acid in Hydrogenated Menhaden Oil. Fractions 15 and 16 of this 
same distillate had an average con^bining' weight of 308.5 and were the most 
likely to contain arachidic acid. They were united and crystallized twice for 
90 per cent alcohol at 15° C. The mean combining weight of the crystals was 
324. In previous work it had been shown that behenic acid (molecular 
weight 340) was present in the hydrogenated oil. It would almost certainly be 
in this faction. It remained to determine whether the reduction in combining 
weight was due to arachidic acid. 


♦ J. Ind. Kng. Chem., 1917, 582. 
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20 parts of the crystals melted with 80 parts of arachidic acid has a 


m.p. of 72.95 

Arachidic acid has a m.p. of 74.78 


The lowering of the m.p. was therefore 1.83 

The lowering of the m.p. of arachidic acid by 20 per cent of behenic 

acid 3.61 

The percentage of arachidic acid in the crystals is therefore 100 X 

(3.62-1.83) /3.61 = 49.3% 


which establishes the presence of arachidic acid in the hydrogenated oil. 

General Results. Having found myristic acid in both the original and the 
hydrogenated fatty acids in equal amounts, it was not produced by hydrogena- 
tion. On the other hand arachidic acid was found only in the hydrogenated 
and not in the original fatty acids. It was therefore produced by the addition 
of hydrogen to an unsaturated acid with 20 atoms of carbon. 

The composition of the menhaden oil fatty acid described in Twitchell's 
paper of July, 1914,* can now be definitely stated as follows: 


Per cent 


Palmitic acid 22 7 

Myristic acid 9 2 

Stearic acid 1 8 

IJnsaturated acids with 16 carbon atoms None 


Unsaturated acids with 18 carbon atoms = 26.7 less 1.8 per cent stearic 


acid= 24.9 

Unsaturated acids with 20 carbon atoms 22.2 

Unsaturated acids with 22 carbon atoms 20.2 


From certain observations, Twitchell concludes that the unsaturated acid 
with 22 carbon atoms found in menhaden oil and which, like erucic acid, is 
converted by hydrogenation into behenic acid, is nevertheless not erucic acid, 
since on fusion with caustic potash it is not converted into arachidic acid. It 
is probably a more unsaturated acid which is converted into stearic or palmitic 
acid by the fusion. 

Crossley f reports some work carried out by Passmore on the effect 
of hydrogenation of a number of fatty acids and oils which is illustrated 
by the figures contained in the table on the following page. 

A specific reaction of marine animal oils and their hydrogenation 
products is described by Tortelli and Jaffe.t The reaction depends 
upon the fact that these oils contain a chromogenic compound 
which remains unaltered even in the hydrogenation process, and 
towards which bromine, the reagent . used, plays the part of a 
auxochrome, forming a coloring matter that tints with a beautiful 
green a chloroform solution of the oil tested. 

*J. Ind. Eng. Chem.. 1914, 564. 

tPharm. Soc.,^pr. 21, 1914; Pharm. J., 1914, 92 , 604, 037 and 676; J.S.C.I., 1914, 
1135. 

I Ann. chim. applicata, 2, 80-98; Chem. Abs., 1914, 3723; J. S. C. I., 1914, 1061. 



ANALYTICAL (X)NSTANTS OF HYDROGENATED OIL8 301 



% 

Ni 

Usod. 

Tompera- 

turo. 

Time 

in 

Hours 

Iodine Value 

Melting-point 

Of 

Original 

Hub- 

stanee 

Of 

Product 

Of 

Original 

Substance. 

Of 

Prod- 

uct. 

Ricinoleic acid 

3 

180“ 

2 

89 8 

7.99 

Liquid 

53“ 

Ricinoleic acid 

6 

100“ 

4 

91.8 

3.69 

Liquid 

72“ 

Erucic acid 

10 

180“ 

1 

120 3 

5.95 

Liquid 

58.5“ 

Erucic acid 

3 

180“ 

1 

74.0 

2 05 

34“ 

79“ 

Linoleic acid 

3 

240-250“ 

2 

182 1 

30.00 

Liquid 

60.5“ 

Linoleic acid 

3 

180“ 

2 

176.0 

7.79 

Liquid 

66“ 

Linoleic acid 

6 

100“ 

3 

179.2 

5.98 

Liquid 

65“ 

Oleic acid 

3 

240-250“ 

I 

82 9 

4.08 

Liquid 

63° 

Oleic acid 

1 

100“ 

n 

82.1 

9.77 

Liquid 

61“ 

Oleic acid 

6 

100“ 

2 

84.8 

3.83 

Liquid 

63“ 

Whale oil 

3 

180“ 

n 

120 0 

10.30 

Liquid 

54“ 

Whale oil 

3 

240-250“ 

I4 

123.0 

27.7 

Liquid 

48.5“ 

Cod oil 

3 

240-2,50“ 

n 

L57.0 

13.1 

Liquid 

,56“ 

Cod oil 

' 3 

180“ 

3 

159.5 

11.1 

Liquid 

57“ 

Linseed oil 

3 

240-2.50“ 

n 

181.2 

9.52 

Liquid 

66“ 

Linseed oil 

10 

180“ 

11 

176.8 

4.75 

Liquid 

62 5“ 

Rape oil 

3 

180“ 

n 

118.2 

11.2 

Liquid 

59“ 

Rape oil 

3 

100“ 

io.> 

119.1 

24.3 

Liquid 

56“ 

Cottonseed oil 

3 

175“ 

11- 

101.8 

18.5 

Liquid 

.58“ 

Fish oil 

2 

190-200“ 

6 

124.5 

51.5 

Liquid 

solid 

Almond oil 

2 

172-185 

6 

92 1 

22.6 

Liquid 



Tortelli and Jaffe Reaction 

The procedure is as follows: Into a graduated cylinder (with foot) provided 

with ground-glass stopper, and 15 mm. in diameter and 15 cc. capacity, are put 

1 cc. of the oil, 6 cc. chloroform and 1 cc. glacial acetic acid. The liquid is 

agitated until it is homogeneous, when 40 drops of a 10 i)er cent chloroform 

solution of bromine are added the whole is again strongly agitated for a mo- 
ment and the cylinder placed upon a sheet of paper. If the oil in question 
belongs to the group of marine animal oils it will assume within a minute a 
fugitive pink followed by a bright green color, becoming more and more clear 
and intense, and remaining so for over aii hour, after which the color turns to 
brown or sepia. The test is sharper as the oil is more purified or refined. Vege- 
table oils, tested as above, remain uncolored, or at most take on a clear yellow, 
which does not change within an hour, then becoming orange or dull yellow. 
Hemp oil, however, becomes green before addition of bromine and then passes 
decidedly into yellow. Oils of terrestrial animals take quickly a yellowish color, 
which in the course of an hour always darkens to brown or sepia. Hydro- 
genated fats are tested as follows: A large* cylinder is used (30 mm. in diameter 
and about 25 cc. in capacity), into which are introduced 5 cc. o" the melted fat, 
10 cc. chloroform, and 1 cc. acetic acid; after agitating well, add 2.5 cc. of 10 
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per cent chloroform solution of bromine and agitate again. There appears 
almost immediately a fugitive yellowish pink, which changes in a minute to a 
bright green, then quickly to an intense green, lasting over an hour. Many 
tests were made by Tortelli and Jaffe with different oils and fats, and the color 
reactions were always positive. Five per cent of hydrogenated fish oil in various 
edible fats has been detected by this test.* * * § 

The reliability of this color reaction is questioned by Grim and Janko.f 
Tests for hydrogenated fish and whale oil made according to Tortelli and Jaffe 
do not give good results with thoroughly hardened fats, but the color reaction 
is shown when incompletely hydrogenated products are used.J The results ob- 
tained by the author confinii this view. 

The bromine reaction of Tortelli and Jaffe is stated by Davidsohn § 
to be of little value for the detection of marine animal oils, for many 
of such oils fail to give a green coloration in the test. 

Hydrogenation products of marine animal oils give an intense green color, 
but so also do hydrogenized vegetable oils, such as linseed oil and soya-bean oil. 
The octobrornide test of Marcusson and Huber fails with marine animal oils 
which have been hydrogenated or strongly heated, but is to l>e preferred to 
Tortelli and Jaffe’s test, because its indications are trustworthy when a positive 
result is obtained. 

Tsujimoto|| advises that most marine animal oils give the Tortelli- 
Jaffe color reaction II especially when the oils are fresh. Old and 
inferior samples, however, give no coloration, or the coloration 
obtained is indistinct. In some cases, the coloration is given by old 
oils after these have been refined. The mixed fatty acids of marine 
animal oils as well as their distillates give the coloration, but the 
unsaponifiable matters and higher unsaturated fatty acids do not 
enter into the reaction. Hydrogenated fish oils give indistinct colora- 
tions with the test; vegetable oils and terrestrial animal oils and 
fats do not give a reaction. 

Fryer and Weston** observe that apart from the question of wilful 
sophistication of an oil or fat, a new problem for the oil chemist 
has been created by the introduction of hydrogenated oils in com- 
merce. Chemical and physical tests may here give no indication 
of the natural origin of these substances and in some cases it may 

*Chem. Ztg., 1915, 14. 

t Seifenfabrikant, 1915, 253-255. 

X Seifen. Zeitung, 1915, 374. 

§ Seifeu. Zeit., ' 1915, 42, 657 and 678; Z. angew. Chem., 1915, 28, Ref., 560; 
J. S. C. I., 1916, 186.' 

II J. Chem. Ind. Japan, 1915, 18, 1368; J. S. a I., 1916, 262. 

1 1 8. C. I., 1914, 1061. 

♦•t^bi^ical Handbook of Oils, Fats and Waxes, 1917, Vol. I, 64. 
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be impossible even to distinguish them from natural products. 
There are, however, certain differences in appearance and character 
which to the practised eye may serve to subject them to suspicion. 
The specific color reactions for cottonseed and apparently for sesame oil 
are of no avail on account of the destruction of the color-producing 
substances present in these oils.* The presence of phytosterol in 
a stearine would prove a vegetable origin; and liver oils would still 
be recognized by the color reaction with sulphuric acid. A hardened 
maize oil might be detected by the presence of lecithin. Apart from 
this it would seem to be next to impossible in many cases to discover 
with certainty the source of an oil hardened by hydrogenation. 

Pickering f considers the only likely method for the determination 
of the origin of hardened oils is in the separation of the liquid fatty 
acids, bromination of these liquid acids, and separation of the bromides. 
The bromides from marine animal and fish oils char on heating, while 
the bromides from vegetable oils and fats give a definite melting-point 
without any charri ig. 

Results obtained by Sandelin % on the examination of hydrogenated 
products prepared from whale oil at a factory in Kaipiais, Finland, 
and also of hydrogenated whale oil, made in Germany and offered 
to a Finnish margarine factory, were: 



Melting-point. 

ft 

it) 

i 

|o 

Refractometer 
reading at 40® C. 

Saponification 

value. 

Acid value. 

Iodine value 
(Wijs). 

Reichert- M eiasl 
value. 

Polenske value. 

Mol wt. of in- 
soluble acids. 

Mehing-pt of the 
arachidic acid 

1 Nickel reaction. 

Original whale oil 

fluid 

fluid 

64.1 

192.2 

9.50 

144. 8i 

0.27 

0.69 

287.7 

— 

_ 

Artificial tallow 

47.6 

38.1 

48 9 

183 7 

9.88 

56 9 

0.25 

0.49 

296.4 

75.6 

+ 

Artifi^'iftl 

.'54 3 

47.3 

32.4 

187.7 

7.80 

11.7 

0 14 

0 31 

297 0 

74.1 

+ 

Hydrogenated whale oil (German) 

41 9 

31.9 

48.2 

190.9 

.5.30 

67.8 

0.18 

0.60 

282.0 

76.0 

+ 


*Of the distinguishing color reactions, the Halphen test is rendered negative by 
the destruction of the substance producing the color. The use of pyridine in place 
of amyl alcohol and a closed tube for the test has been found more sensitive and 
should, therefore, be employed in the case of a suspected hardened cottonseed oil to 
detect traces of the chromogenetic body. (Fryer and Weston, Technical Handbook 
of Oils, Fats and Waxes, 1917, Vol. I, 233.) 

t Commercial Analysis of Oi's, Fats and Commercial Products, Philadelphia, 1917, 64. 
tTeknikern, 1913, 369; Chem. Techn. Rep., 1914, 38,321; J. S. C. I., 1914, 
1097, 
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THE ANALYTICAL CONSTANTS OF “HARDENED OILS 
According to Lehmann (Chem. Ztg., 1914, 79S.) 


Hardened Oil. 

Melting- 
point ®C. 

Solidify- 

ing-point 

°C. 

Differ* 
eace ®C 

Acid 

No.‘ 

Saponifi- 

eation 

No 

Iodine 

No.2 

Appearance. 

Peanut oil 

42 8 

31.6 

11 2 

1 0 

188 2 

.59 0 

white, tallowy 

Peanut oil 

3r).5 

24 4 

11 1 

1 0 

188 5 

62 6 

white, lardlikc 

Peanut oil. ... 

37.8 

27 0 

10 8 

2 1 

186 9 

59 , 5 

white, tallowy 

Peanut oil 

37 7 

26 8 

10.9 




white, tallowy 

Sesame oil 

35 2 

24.2 

11 0 

3 0 

185 0 

65 6 

white, lardhke 

Sesame oil. . . 

3fi 9 

24.4 

11 5 

3 1 

190 2 

64 9 

white, tallowy 

Sesame oil . . 

35 8 

24 5 

11 3 




white, tallowy 

Cottonseed oil 

30 0 

18 2 

11 8 

0 3 

193 7 

70 9 

yellow, lardlike 

Cottonseed oil . 

33 G 

21.8 

11 8 

0.4 

192.5 

69 0 

yellow, tallowy 


1 Milligrams of caustic potash per gram of fat. * Hubl Method. 


The iodine values of hydrogenated oils which before hardening had 
high iodine numbers have been determined by Kelber and Rheinheimer * 
using the methods of Gaebel, Huebl, and Wijs and concordant results 
were obtained by all three methods provided a sufficiently long time 
was allowed for the action of the iodine solution. 

In determining the nickel content of hardened oil, Lehmann t 
employs the following procedure: 

Two hundred grams of the fat are placed in a half liter quartz dish and are 
heated strongly until the fat inflames. The source of heat is removed and the 
fat is allowed to burn quietly. When the combustion is nearing an end, a 
small gas flame is placed under the dish and the considerable masses of carbon 
which are present arc burned away, while taking care to avoid air drafts. The 
slight residue of ash is evaporated once with nitric and once with hydrochloric 
acid and is then dissolved in water and the solution concentrated. Concentrated 
ammonia is added to the hot solution to precipitate ferric hydrate, which is 
filtered off. After numerous tests with all recent methods, that of Tsehugaeff 
for determining nickel was selected. The nickel solution is mixed with 1 cc. 
each of concentrated ammonia and a 1 per cent alcoholic glyoxime solution. 
Dilution to 50, 100 or 250 cc. is made, according to the intensity of color en- 
gendered by the red precipitate which forms. The solution is shaken vigorously 
and compared colorirnetrically with standard solutions of known nickel content. 
50 cc. portions are used for the colorimetric determination and heiore observa- 
tion the solutions are well agitated. The results obtained by this method 
agreed with those obtained by the gravimetric method of Bnmck.f 

The nickel content of several samples of hardened oil is shown in the following 
table: 


*Arch. Pharm., 1917, 417; J. S. C. I., 37, 34A: Chem. Abs., 1918, 1004. 
t Chem. Ztg., 1914, 798. 

'• j Zeitpeh. f. ittigew. Chem., 1907, 1844; J. S. C. I., 1907, 643 and 1217. 
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ASH OF HAliDENED OIL 


Oil. 

Milliohams peb Kilo 

Total Ash. 

1 

Iron. 

I 

Nickel. 




2 3 

Peanut 

27.5 

5 3 

1 6 

Peanut 

40.0 

6 3 

6.1 

Peanut 



4 2 

Peanut 



5 0 

Sesame 

18 5 

6.0 

1.1 

Sesame 

23.0 

4.2 

1 1 

Sesame 



1.0 

Cottonseed 

23.5 

3.9 

0.07 

G)ttonseed i 

30.0 

3.5 

0.5 

Cottonseed. . . 



0.4 






The Msh contained in addition very small amounts of aluminum, zinc and cal- 
cium. 

The detection of nickel in fats is carried out according to Schoenfeld by ignit- 
ing 5 to 10 g. of the fat in a porcelain crucible. The ash is treated with 1 cc. 
of concentrated hydrochloric acid and heated on the water-bath, then dissolved 
in 2 to 3 cc. of water, filtered and the filtrate evaporated in a small porcelain 
dish. After moistening with a few drops of water a solution of dimethylglyoxime 
is added in the usual manner. Schoenfeld observed that far more certain results 
are obtained in this manner than by extracting the fat with hydrochloric acid, 
evaporating the hydrochloric acid solution and testing the residue for nickel.* 


Prall’s Modified Test for Nickel in Hardened Oil 

The test for nickel proposed by Prall involving extraction of the 
oil with hydrochloric acid, was not regarded by him as reliable under 
all conditions and he has found the following procedure to be more 
satisfactory :t 

One hundred to 200 g. of the fat are burned, little by little, in a platinum 
dish, and the residue is ignited. The ash is dissolved in 3 to cc. acidulated 
water, containing 5 to 10 drops hydrochloric acid. The solution is heated 
somewhat to remove a considerable portion of the excess of acid and is then 
rendered alkaline with ammonia. On allowing to stand for one hour, iron 
and aluminum precipitate and are removed by filtration. The filtrate is evap- 
orated to dryness in a small porcelain dish. The residue is moistened with 
ammonia and then a small amount of an alcoholic solution of dimethylglyoxime 
is added. Even with very small amounts of nickel (0.1 — 0.01 m.g. in 100 g. of 
fat) a distinct red coloration is apparent, 

♦Siefen. Ztg., 1914, 946. 

fZeitsch, f. Unters. d. Nahrungs— u. Genussmittel, 1912, 109. 




306 


THE HYDROGENATION OF OILS 


Positive results are attained only by using at least l(X) g. of the fat. The 
most convenient method of burning off t,he fatty mat ter is to heat the sample 
to the fire i)oint and allow the organic matter to quietly burn away. A blank 
test may be conducted by grinding nickel sulphate with oil and adding 1 cc. or 
0.1 cc. (corresponding to 0.0002 g. or 0.00002 g., respectively of nickel) to 100 g. 
of oil, which is ignited and the residue tested as noted above.* 

The Effect of Hydrogen on Oil Containing Dissolved Nickel 

A sample of cottonseed oil which the author hardened with about 1 per cent 
of reduced nickel catalyzer was allowed to stand for two years in contact with 
the catalyzer. The hardened fat was then melted and the catalyzer removed by 
filtration. The filtered fat was distinctly green in color and on analysis was 
found to contain 0.04 per cent of nickel. A quantity of the filtered fat was 
subjected to a gradual increase of temperature, while a current of hydrogen 
was passed through the liquid fat. Portions removed at 145° C. and again at 
160° C., still had a green tinge. At 170° C., the green color practically disap- 
peared and at 185° C. no green color could be detected although the oil was 
apparently unblackened by formation of precipitated nickel. 

The determination of the hydrogen number is described by 
Albright t and although his investigations are concerned mainly with 
essential oils, much of the data secured is of interest in connection 
with the examination of fatty oils. A form of colloidal palladium 
was used as a catalyzer t and a method of preparing material of this 
character is given by Albright. 

The apparatus used by Albright, which is shown in Figs. 50a and 506, is similar 
in principle to that devised in the organic laboratory of the University of Gottingen. 


t 



Its fundamental parts are the camshaft, carrying four eccentrics; the shaking baskets 
A, attached to the cams and suspended from pulleys on a suf^orting rod; the absorp- 
tion flasks i?, which are placed in the wire baskets; the gas buret connected by means 
of a T tube both with the source of hydrogen and with the absorption flask. Power 
is supplied by a i-H.P. motor belted to the cam-shaft. When in operation, the shaft 
has a speed of ^ about 200 r.p.m. Hydrogen is supplied from a Kipp generator, 

♦ Zeitsch. angew. Chem., Aufsatzteil, 1916, 40. 

t J. Am. Chem. Soc., 1914, 2188. 

t/Paal and Amberger, Ber., 37, 124, 1904. 
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or from a steel cylinder and is purified by being passed through a large wash bottle 
containing alkaline-saturated permanganate and is washed with water at each 
gas buret by a separate wash bottle. 

Manipulation. The manipulation of a reduction is as follows: The air is first 
displaced from the entire apparatus by passing through it a current of hydrogen, 
after removing the stopper G, and lowering the reservoir D, so that sufficient water 
remains to form an air trap at the lower bend of the buret. The levels in both arms 
of the U tube arc then equalized at the zero mark. T\w. three-way stopcock E, is 
then closed, the stopper C, which had been replaced during the flushing of the buret 
with hydrogen, is removed, and 0.02 g. dry colloidal palladium introduced while a 
current of hydrogen is passing through. Then 50 cc. of 50 per cent alcohol arc added, 
the stopper replaced, the stojicock clo.sed, the three-way cock E momentarily opened 
to the air to equalize the pressure in the apparatus with that of the atnK)Si)here, 
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and the flask shaken until no more hydrogen is absorbed. In this way the errors 
due to (1) absorption of hydrogen by the catalyzer, (2) solubility of the gas in the 
solvent, and (3) consumption of hydrogen by oxygen dissolved in the solvent, are 
removed from consideration, The buret is again filled to the zero mark with 
hydrogen and the shaking fltisk tilted until the palladium solution has drained from 
the concave “ substance table " G. The substance under investigation is dropped 
into this talde from an oil pipet (weighing bottle), again preventing the entrance 
of air by maintaining a current of hydrogen through the apparatus. The purpose 
of this “ substance table ” is to prevent contact between the catalyzer and substance 
under examination until the operator is ready to start the experiment. The stopper 
C is replaced, the cock is closed and the cock E opened momentarily to the air again. 
Connection is then made by the same stopcock between the shaking flask and the 
buret and the machine is at once set in motion. The absorption of hydrogen is 
carefully watched, maintaining the same water level in each side of the buret by 
regulating the flow of water from the reservoir. When the reaction is finished, a 
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decided and abrupt decrease in the rate of absorption occurs. On the acciu’acy 
of the observation of this point depends the accuracy of the determination. The 
end point may readily be found otherwise by noting the buret reading at froquejit 
intervals, e.g., every fifteen seconds, and plotting volume against time on coordinate 
paper, when the break in the resulting curve will give the desired result. This point 
was found by drawing a straight line through the first points, then connecting with a 
smooth curve those points which lie at the right. The juncture of the straight line 
representing the main reaction, with the curved line representing absorption of 
hydrogen by secondary substances, if taken as the end point. 

Hyland and Lloyd * state that owing to the production of partially hydrogen- 
ated oils, having chemical and physical values practically identical with those of 
olive oil, which are being placed on the market as a substitute for olive oil for 
use in the worsted trade, etc., they have attempted to discover some test by 
means of which these oils could be valued. Some hydrogenated oils have Ijeen 
placed on the market that have an iodine value practically the same as that of 
olive oil, but which, unlike olive oil, gradually become tacky when exposed in 
thin films to moist air, such as oiled tops, etc. A study of the oxidation phe- 
nomena of various oils was, therefore, carried out but no conclusive results as 
regards such hydrogenated oils arc reported. 

A report on fats and oils by Kerr t affords a study of two methods 
for the detection of phytosterol in mixtures of animal and vegetable 
fats: (1) Bureau of Animal Industry method t and (2) the digitonin 
method of Marcusson and Schilling. § 

Three samples were sent out: (1) Lard containing 5 per cent cottonseed oil 
and 0.25 per cent vaseline. This amount of vaseline would effectually prevent 
accurate observations by the present provisional method. (2) Pure lard, rancid. 
Rancidity interferes decidedly with the present method. (3) Lard containing 
2.5 per cent hydrogenated cottonseed oil and 2.5 per cent soya-bean oil. Three 
collaborators were led to correct conclusions by each method. The digitonin 
method is more simple and convenient but the reagent is expensive and difficult 
to obtain. The Bur. Animal Industry method requires more time and labor in 
manipulation but does not depend on an expensive reagent. Both methods are 
‘decidedly superior to the present provisional method and are recommended for 
adoption by the Association as provisional methods. 

An investigation of the Bomer method for detecting tallow in 
lard by Prescher || led to the examination of fifty-eight fats of known 
character by both the Bomer 11 and the Polenske ** methods in order 
to ascertain their relative efficiency in detecting foreign fats in lard. 

• J. S. C. I., 1915, 62. 

t J. Assoc. Official Agr. Chemists, 1, 513-5, 1916. 

XV. S. D. A. Bur. Animal Ind., Circ. 212. 

. §Chem. Abs., 8, 1022. 

II Z. Nahr.-Genussm., 29, 433-7. 1.016. 

fChem. Abs., 8, 1174. 

•►^Phem. Abs., 2, 716. 
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In the*casc of 25 samples of adulterated lard only 3, containing, resi^ctively, 

10, 20 and 30 per cent of beef tallow, could be detected by the Polensko method, 
the others, some containing as much as 15 per cent of beef tallow, giving nega- 
tive tests. The Bonier method failed in only two cases, in which 5 and 10 per 
cent, respectively, of beef tallow were present. Eighteen samples of pure lard 
gave negative tests by the Bomer method, the Polenske procedure giving false 
indications of adulterations in two cases. Hydrogenated vegetable oils give a 
positive Bomer test and can be distinguished from beef tallow by the phyto- 
steryl acetate test. The Bomer method is to be preferred for simplicity and 
accuracy. 

A smaller amount of phytosterol acetate is obtained from oils 
after hydrogenation than before this treatment according to Sprink- 
meyer and Diedrichs.* 

Hydrogenated marine animal oils are indicated according to 
Prescher j by the color reactions of Tortelli and Jaffe,t together with 
positive results in Kreis and Roth’s test § for arachidic acid and the 
cholestcryl acetate test. 

The presence of arachidic acid and a positive result in the phytosteryl acetate 
test indicate arachis or rape-seed oils. Sesame oil is detected by the Soltsien 
and daudouin tests. An excessively low saponification value points to rape 

011, while cocoanut and palm-kernel oils are indicated by saponification values 
exceeding 230 and by the Reichert-Meissl and Polenske values. Hydrogenated 
castor oil has a high hydroxyl value, while hydrogenated cottonseed oil may be 
detected by Becchi’s and llauchccorne’s tests. The ratio between the iodine 
value and refractive index is different in hydrogenated fats from the ratio in 
animal fats. Cocoanut oil is distinguished by its very low iodine value. Bel- 
lier’s reaction is only applicable to a limited extent to the detection of hydro- 
genated vegetable oils. The dimethylglyoxime test for nickel may also be incon- 
clusive, since many freshly-expressed oils give a red coloration in the absence 
of nickel. 

Completely hydrogenated fats have been prepared by Mannich 
and Thiele 1| by the aid of a charcoal-palladium catalyzer carrying 
2 per cent Pd, in a container surrounded by an asbestos jacket and 
maintained at 100°. The catalytic material is subsequently and 
completely removed by filtration, yielding a product free from all 
contamination, an advantage stated to be not possessed by the 
colloidal reduction process. This method can with equal facility 

♦ ZeitBch. f. Unters. d. Nahrungs u. Genussm., 1914, 236; Chem. Abs., 1915, 940. 

tZ. Unters. Nahr. Genussm., 1915, 30, 357; Z. angew. Chem., 1916, 29, Ref., 165; 
J. S. C. I., 1916, 548. 

t J. S. C. I., 1914, 1061. 

§ J. S. C. L, 1913, 201. 

1 1 Ber. pharm. Ges., 26, 36-38, 1916; Chem. Abs., 1916, 2158; J, S, C. I., 1910* 
648. See also Thiele, Dissertation, Gottingen, 1914. 
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be carried out in a solvent medium. The oils operated upon and 
the constants of the resulting fats are given below: 


Oils. 

M.P. 

I. No. 

Sapon. No, 

M. P. of In- 
soluble Fatty 
Acids 
(Hehner). 

Olive 

70° 

0.2 

190.9 

71.0° 

Almond 

72° 

0.0 

191.8 

71 0° 

Peanut 

64-64.5° 

0.0 

191.6 

67.0° 

Sesame 

68 5° 

0 7 

190.6 

69.5° 

Cacao butter 

63.5-64° 

0.0 

193.9 

65 5° 

Ponny 

70.5 

0.3 

191 3 

71.0° 

Linseed 

68° 

0.2 

189 6 

70 5° 

Tallow 

62° 

0.1 

197 7 

64.0° 

Lard 

64° 

1.0 

196.8 

62 0° 

Cod liver 

63° 

1.2 

186 2 

59 0° 


A chloroform solution of the hydrogenated cod-liver oil gave no 
coloration with sulphuric acid. 

The effect of hydrogenation on cholesterol and phytosterol has 
been investigated by Marcusson and Meyerheim,* with the follow- 
ing results. 

Cholesterol and phytosterol were separated from the unsaponifiable matter of 
natural and hydrogenated oils and fats by the digitonin method of Windaus.f 
The amounts in natural fats ranged from 0.03 (tallow) to 0.38 per cent (linseed 
oil). Calculated on the unsaponifiable matter the proportion ranged from 33 
to 55 per cent in the case of the vegetable oils examined, and from 8 to 14 
per cent in the case of the animal fats (cod-liver oil and tallow). In addition 
to phytosterol or cholesterol other alcohols are present in the unsaponifiable 
matter, which either neutralize the optical laevorotation (as in the case of 
cottonseed oil) or even produce dextrorotation (linseed, cod-liver, and especially 
i^same oil). The presence of sesamol affords a means of detecting sesame oil, 
when no color reactions can be obtained. The unsaponifiable matter left after 
separation of cholesterol or phytosterol was a thick oil or semi-solid mass con- 
sisting in the main of unsaturated dextrorotatory alcohols (laevorotatory in the 
case of ox tallow) and small quantities of hydrocarbons. Only in the unsapon- 
ifiable matter of dark cod-liver oil were considerable amounts of hydrocarbons 
found. The dextrorotatory power of the unsaponifiable matter of sesame oil 
was greatly increased by the removal of the phytosterol. The iodine value 
(Hubl-Wajler) of the residual unsaponifiable matter ranged from 56 to 78. As 
a rule hydrogenated fats contained less cholesterol or phytosterol than the cor- 
responding natural fats, and the proportion decreased with the degree of hydro- 

♦Mitt. k. MaterialprUf., 1916, 33, 221-225; J. S. C. I., 1916, 549; Seifen. Ztg., 
1916, 168. See also Willst&tter and Meyer. Ber. 41 , 2199; Diels and Abderhalden, 
Ber. 39. 884 and Moreschi, HencU 80C« chim. ital. 1914 (2) 5, 236. 

t J. S. C. L, 1915, .1152, 
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genation. For example, the following results were ol^tained in the progressive 
hydrogenation of a marine animal oil: 



Iodine Value 

Sohdjf Pt 

CholeBterol. 

Original marine animal oil 

114 

Deg. C. 

Per Cent. 

0 13 

Talgol .... 

67 

31 

0 10 

Talgol extra 

36 

38 

0 07 

Candelite 

20 

42 

0 05 

Candelite extra 

13 

45 

0.02 


The unsaponifia})lc matter of hydrogenated fats after removal of the (chole- 
sterol or phytosterol was a yellow semi-solid mtiss, from which, in the ease of 
talgol, and (candelite, a saturated alcohol, M.P. 59.3° to 59.8° C. could be ex- 
tracted with petroleum spirit. It had a refractive index of 1.4268 at 100° C. 
and appeared to be octodecyl alcohol. Transfonnation products of cholesterol 
were not obtained from talgol or candelite, but derivatives of phytosterol could 
be separated from hydrogenated vegetable oils. For examiile, repeated rccrys- 
tallization of the unsaponifiable matter of hydrogenated linseed oil from 96 
per cent alcohol yielded an alcohol (M.P. 75° C.) which did not give the char- 
acteristic phytosterol reactions. 

Hydrogenated marine animal oils may be detected according to 
Marcusson and Huber * by an examination of the unsaponifiable 
matter for the presence of octodecyl alcohol, M.P. 60°. 

Tsujimoto t has prepared and examined hydrogenated chrysalis 
oil. He has found raw chrysalis oil to be unsuitable for the pur- 
pose of hydrogenation, as its nitrogenous and other impurities 
largely affe(!t the activity of the catalyzer. The refining of chrysalis 
oil is by no means easy; but a method proposed by Tsujimoto, 
which essentially consists in heating the oil with 5 to 10 per cent 
by volume of dilute sulphuric acid (sp. gr. 1.39) followed by treat- 
ment with Kambara earth, gives an excellent result. The refined 
oil hardened by nickel catalyzer is a white fat which may be used 
as a raw material for soap making. 

The composition of chrysalis oil has been as yet little investigated. The 
results of experiments previously published by Tsujimoto appear to be the 
only report on this subject. He has noted that the fatty acids of chrysalis oil 
consist of about 25 per cent saturated and 75 per cent unsaturated acids (iodine 
value 178.73). Among the saturated acids, palmitic acid was identified; stearic 
acid is probably not present. Tlie unsaturated acids consist of oleic, linolenic 
and isolinolenic acids; besides them, some isomers of linolic acid are present 
in a larger quantity. 

* Mitt. klg. Materialpriifungsamt, 34 , 64. 
tJ. Ind. Eng. Chem., 1916, 802. 
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If the conclusions reached in the above-mentioned investigation be correct, 
the final product of the hydrogenation of these unsaturated acids must be 
stearic acid. Tsujimoto considered that a study of the product was important 
from the point of view of utilizing the hardened chrysalis oil for technical pur- 
poses and accordingly made certain experiments which are described below. 


Hydrogenation of the IJnsaturated (Liquid) Fatty Acids of Chrysalis Oil 

Fifty grams of chrysalis oil were saponified in a flask with 38 cc. of 50 per cent 
aqueous solution of KOH and 113 cc. of 96 per cent alcohol, by warming on a 
water-bath; the excess of alkali was neutralized with acetic acid and 500 ct;. of 
7 per cent aqueous lead acetate solution was stirred into it. The resulting lead 
soap was twice washed with 500 cc. of hot water and treated with 500 cc. of 
ether at 10° C. and then filtered. (Tortelli and Kuggeri's method.) The fil- 
trate was then treated with dilute HCl, in order to decompose the load soap, 
and was well washed with water: 250 cc. of the ethereal solution of the free 
unsaturated acids thus obtained, which contains about 20 g. of acids of iodine 
value 176.17, were transferred into a strong glass bottle; 0.5 g. of Loew’s jdat- 
inum black was added. The bottle was then connected to a hydrogen holder. 
On expelling the air from the bottle by hydrogen, it was strongly shaken by 
means of a mechanical contrivance. After 3-} hours shaking, a loss of about 
2900 cc. of hydrogen was observed on the holder. Here the hydrogenation was 
stopped for a time. On cvaiwrating off the ether, a residue amounting to 
17.52 g. was obtained. It was a brown-yellow crystalline mass which, w'hen 
melted, formed a brown-red liquid; it melted at 56.2® C., having the neutraliza- 
tion value 188.92 and iodine value 45.91. The hydrogenation was apparently 
incomplete; but before continuing the operation, it was found better to remove 
the unsaponifiable and coloring matter from the product. Eleven grams of the above 
product were saponified with 50 cc. of 8 [ler cent alcoholic solution of NaOH; 
then 5 g. of NaHCOs and about 50 g. of pure sand were thoroughly mixed with it. 
The mass was dried, powdered and exhausted in a Soxhlet extractor with petro- 
leum ether. The crude unsaponifiable matter thus extracted was 2.22 j)er cent 
The soap in the extractor was dis.solved in hot water and decomposed with dilute 
HCl and then taken up with ether. The ethereal solution of the fatty acids 
which appeared brownish yellow, was decolorized with animal charcoal, and made 
up to 250 cc. by adding ether; then adding 0.3 g. of the platinum black, it was 
hydrogenized for two hours in the same way as before (the reading of the volume 
of hydrogen was omitted.) On evaporating off the ether, 8.3 g. of the hydro- 
genated acids were obtained. The white crystalline mass had a melting-p^'int 
of 68 to 68.5° C., neutralization value 195.19 and iodine value 0. This product 
is, therefore, a saturated compound, which in its M.P. and neutralization value 
nearly coincides with stearic acid (M.P. 69.3° C., neutralization value 197.5, 
molecular weight 284). A mixture of the product with about an equal quan- 
tity of pure stearic acid melted at 68 to 68.3° C. In order to perform the 
fractional crystallization of the acids, 5 g. of the hydrogenated product were 
dissolved in 100 cc. of 90 per cent alcohol and separated into three portions 
successively as follows: (1) 4.27 g.; white kiminse with pearly luster; M.P. 
69.5 to 70° C.; neutralization value 197.82; mean mol. wt. 283.59. A mixture 
with pure, stearic acid melted at 69.5° to 69.7° C. (2) 0.21 g.; M.P. 68° C.; 



ANALYTICAL CONSTANTS OF HYDROGENATED OILS 313 


neutralization value 197.20. (3) Residue left on evaporating the mother liquor, 
0.41 g.; a little colored solid; M.P. 50° C.; neutralization value 177.42. 

The low melting-point and neutralization value are probably due to the accumu- 
lation of the impurities in this part and also to the esterification of the acids on 
evaporating off alcohol. The result of the elementary analysis of (1) was as follows: 
0.1245 gave 0.3487 CO 2 and 0.1439 H 2 O; C =76.39; H = 12.84. C]8H3«02 required 
C =76.06; H = 12.68. Therefore the substance is stearic acid. From the 
above, it was concluded that the hydrogenated product of the unsaturated fatty 
acids of chrysalis oil consists mainly of stearic acid. 

By the hydrogenation of spinacene, a hydrocarbon from certain fish 
liver oils, with platinum black as catalyst, Chapman* found the 
iodiiKi value was reduced to 18, and a hydrocarbon, C30HG2, boiling 
at 274° to 275° C. (18 mm.) was obtained. This was a colorless, odorless 
oil not solidifying at —20° C., and having a sp.gr. of 0.8172 at 20°/ 
20° C. The unsaturated hydrocarbon squalene separated by Tsujimoto 
closely resembles spinacene. 

The glycerol content of hardened fats was determined by Normann 
and Hugel t using several of the published methods and the results 
obtained compared with those calculated from the ester values. 
The results obtained by the bichromate method agreed very well 
with the calculated values. Wilstiitter’s method t gave satisfactory 
results, but the results obtained by the acetin method were Ij 
per cent lower than the calculated values. 

In the identification of hardened marine oils and rape oil, Nor- 
mann and Hugel § supplement the usual melting-point test for 
arachidic acid by the determination of the saponification value of 
the fatty acids, using an excess of alkali and titrating back the excess. 
A direct determination with N/10 alkali is uncertain. 

The behavior of the hydroxyl group of the hydroxylated fatty 
acids on catalytic hydrogenation by means of nickel has been studied 
by Jurgens and Meigen 1 |. Nickel catalyzer reduces castor oil 
below 200° practically only at the double bond of the ricinolic acid 
radical, while above 200° its hydroxyl group is also reduced. Rici- 
nolic acid itself is little affected at the lower temperature but its 
hydroxyl group is reduced at the higher temperature. Nickel oxide 
catalyzer reduces the hydroxyl group more rapidly than the double 

*Chem. Soc. Trans., 1917, 56. 

t Chem. Umschau, 1916, 23, 45-47- Z. angew. Chem., 1916, 29, Ref., 371; J.S.C.I., 
1916, 932. 

t J. S. C. I., 1912, 997. 

§ Chem. Umschau, 23, 131-3, 1916; J. S. C. I., 1917, 658; Chem. Abs., 1917, 
2736; Z. angew. Chem., 1917, 30 , Ref., 108. 

II Chem. Umschau, 23, 99-102, 116-20, 1916; Z. angew. Chem., 30, 11, 34, 1917; 
J. S. C. I., 36, 057; Chem. Abs., 1917, 2736. 
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bond. With 2 per cent nickel catalyzer under high pressure the 
hydroxyl group reduction is slower than at atmospheric pressure 
because the increased tension of the steam from the hydroxyl group 
tends to prevent further decompositipn of this group. 

Svendsen * reports on the chemical composition of hardened whale 
oil. A sample of hardened whale oil had acid value 1.5, saponifi- 
cation value 195.7, iodine number 59.8, refractometer reading at 
40° C., 50; it yielded no insoluble bromide. The fatty acids con- 
sisted of 10.8 per cent of myristic acid, 17.9 per cent of palmitic 
acid, 10.6 per cent of BulFs Cio-acid f 10.8 per cent of stearic acid, 
27.7 per cent of oleic acid, 3.4 per cent of arachidic acid, 8 per cent 
of a solid acid, C22H3(i02, 2.5 per cent of behenic acid, and 8.8 per 
cent of an acid, C22H40O2. 

Bosshard and Fischli J give the following method for the deter- 
mination of hydrogen in gaseous mixtures by catalytic absorption: 

The absorption of hydrogen by sodium oleate solution in presence of a reduced 
nickel catalyst is utilized for the quantitative determination of this gas in 
mixtures. The catalyst must either be used immediately after its preparation 
by the reduction of nickel oxide at 340° C., or it must be preserved in scaled 
glass tubes in 3-g. quantities in an atmosphere of hydrogen. Absorption is 
effected in a Hempel i)ipette or in a spherical pipette with a mercury seal. 
The gaseous mixture is freed from carbon dioxide, carbon monoxide, oxygen, 
etc., by the usual methods, and 15 to 20 cc. of the residue is introduced into 
the pipette charged with concentrated aqueous sodium oleate solution con- 
taining 3 per cent of the catalyst in susjiension; the whole of the hydrogen will 
be absorbed after ten minutes shaking. The foam which is produced may be 
destroyed by allowing a small quantity of alcohol to enter the pipette, but as 
this retards the rate of absorption it is recommended that two pipettes be em- 
ployed; when absorption is complete the gas and foam are transferred to the 
second pipette before adding alcohol, so that the solution in the first pipette 
may retain its absorbing capacity for a number of operations. Nitrogen and 
methane do not interfere. The latter is determined by explosion. Comparative 
tests show the method to be highly accurate. 

Anderson and Katz § do not agree with the conclusions of Boss- 
hard and Fischli. Commenting on the difficulties of handling the 
reagents, Anderson and Katz found that the reagent finally in the 
absorption pipette without access of air, samples of hydrogen were 
placed in contact with it, but with practically no absorption. Many 
attempts were made to obtain an active reagent, using metallic 

♦Tidskrift Kemi, Farm., or Tcram, 191G, 20, 285-292; Z. angew. Chem., 1917, 
30; J. S. C. I., 1917, 003. 

tCi6H;;o02. discovorcd by Bull., Ber., 1900, 3574, but not named by him. Chem. 
Abs., i» 305, Named palmitoleic acid by Lewkowitsch, J. S. C. I., 1900, 1158. 

J Z. angew. Chem., 1915, 28, 365-366; Chem. Abs., 1916, 26. 

f J. Ind. Eng. Chem., 1918, 24. 
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nickel prepared from nic;kel oxide of various degrees of fineness 
down to 200 mesh, but with no suc(^ess. A temperature of 80° C. 
was maintained in the reagent in one case, but to no advantage. 
It was noticed, however, that the solutions of sodium oleate to which 
nickel had been added hardened much more quickly than those of 
the same coruientration that contained no nickel. It was assumed 
that this was due to the “ hardening of the solution by the hydro- 
gen absorbed by the nickel. Accordingly, the preparation of nickel 
was modified by substituting a current of nitrogen for the hydrogen 
at the point when the reduction of the nickel oxide had been com- 
pleted, continuing the heating of the material for a short time to 
drive off occluded hydrogen. The nickel was finally cooled in nitro- 
gen and stored in an atmosphere of this gas. When this material 
was employed as a catalyst, the sodium oleate showed no ten- 
dency to harden sooner than it would have done in the absence of 
nickel, entirely in accordance with the suggested explanation, but 
the reagent thus obtained did not absorb hydrogen from gas mix- 
tures placed in contact with it. 

At this juncture, the attempt to ascertain the conditions under 
which complete absorption of hydrogen by sodium oleate in solu- 
tion might be obtained was abandoned, because of certain objec- 
tions inherent in the method which would make it of little value 
even when standardized and found capable of giving satisfactory 
results. Among these objections might be mentioned the following: 

1. The time and effort required for the preparation of the catalyst 
is considerable, and the necessity of keeping it out of contact with 
air adds to the difficulty of its use. 

2. The reagent foams badly and this renders the absorption process 
itself a lengthy and tedious operation. 

3. The rapidity with which even moderately dilute solutions of 
sodium oleate solidify renders it necessary to prepare fresh solutions 
frequently. Also, old solutions must be discarded before they solid- 
ify in the pipette, otherwise they can be removed only with difficulty. 

The hydrogenation process is used by Biazzo and Vigdoreik* 
as a means of determining colza or rape oil in olive oil. The pro- 
cedure is based on the transformation of erucic into behenic acid, 
using palladium as catalyzer. Behenic acid is characterized by 
slight solubility in 90 per cent alcohol, by high melting-point (84°) 
and by its quantitative yield from erucic acid. Recently very cheap 
and powerful catalytic palladium has been prepared by Mannich 

♦ Ann . Chim. applicata, 6, 185-95, 1916; J. S. C. I., 1917, 90; Chem. Abs., 1917, 
713. 
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and Thiele* by depositing reduced palladium upon ignited animal 
charcoal, giving a catalyzer that will saturate fatty substances 
completely, using 1 part palladium to 15,000 parts oil. 

Biazzo and Vigdoreik’s method is as follows: Saponify 20 g. of the oil and 
extract fatty acids with ether and sulphuric acid. Dry the ether extract with 
calcium chloride, distill off the solvent and remove the last traces from the 
residue by placing in hot oven for fifteen minutes and blowing a current of air 
over it from time to time. Dissolve the acids obtained in 180 cc. anhydrous 
acetone, warm on the water-bath to incipient boiling, add 20 cc. N c^austic potash 
and cool to 15°. Collect the precipitated fatty acids by use of the pump, wash 
with 4 portions of 10 cc. cold acetone, finally dissolve in water and extract from 
the solution the solid fatty acids with hydrochloric acid and 100 cc. ether. 
Wash the ethereal extract twice, each time with 100 cc. water and then shake 
for five minutes with 15 cc. 30 per cent aqueous solution of lead acetate, sub- 
sequently removing the subnatant aqueous layer. Filter the precipitate “ A 
of lead soaps from the ethereal solution “B,” first allowing tlic liquid, if neces- 
sary, to stand on a bath at 23° to 25° for one-half hour. Examine the precip- 
itate ** k” for arachidic and lignoceric acids, i.e., for arachid oil.'i Free solution 
“ B ” from lead by use of hydrochloric acid and wash till tlu; mineral acid is 
completely removed. Hydrogenate by palladium catalyzer till hydrogen is no 
longer absorbed, filter and evaporate the solvent. Treat the residue by frac- 
tional crystallization as in the method of separating arachidic and lignoceric acids, t 
If the final crystallization gives a substance with melting-point above 71°, the oil 
under examination contains a cruciferous oil. Positiv(^ indications are furnished by 
a melting-point between 76° to 79.° The sensitiveness of the method depends 
upon the care employed in preparing the palladium catalyzer, and in collecting 
and washing the acid potassium soaps, insoluble in acetone, at 15°. 

A procedure by Kelber § relates to the removal of halogen from 
organic halogen derivatives by catalytic hydrogenation. Kelber notes 
that palladium has been used for the displacement of halogens from 
organic compounds, and it has been found that the reaction in pres- 
ence of palladinized calcium carbonate proceeds so completely that the 
hydrogenation process may be used as a quantitative method for the 
determination of halogens. 

Equally satisfactory results may be obtained with nickel catalysts and in this 
case it is not necessary to recover the catalyst. A special shaking tube has been 
designed for the use of this method for analytical purposes. This vessel is easily 
filled with the catalyst and the halogen derivative can be added subsequently; 
any contact of the liquid and catalyst with rubber connections is avoided and 
the product of the reaction can be quantitatively removed. The catalyst is 
prejmred by heating basic nickel carbonate in a current of hydrogen at 310° to 
320° C., cooling, and passing a current of carbon dioxide over the material. 
The catalyst may be kept for a long time in closed vessels. For each deter- 

♦ Chepi. Abs., 10, 2158. 
t Chem. Abs., 1917, 712. 

' t J. S. C. I., 1913, 201. 

^ § Ber., 1917, 305; J. S. C. I., 1917, 568 and 1916, 382 and 1130. 
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mination, 3 g. of the catalyst is placed in the reaction tube, shaken with water 
or dilute alcohol and 0.5 to 1.0 g. of alkali hydroxide in presence of hydrogen 
until no more of the gas is absorbed, and the substanc-e to be analyzed is then 
sucked in and the funnel rinsed. Shaking is continued for some time after the 
reaction with the hydrogen is complete, the nickel is filtered off and washed, and 
the halogen in the liquid determined either gravimetrically or by titration. In 
the case of amino compounds or compounds whi(!h form precipitates with silver, 
the organic by-i)roducts should be shaken out with ether before making the 
halogen detennination. 

Commenting on an article by Moore, Richter and Van Arsdel, 
Lowenstein* expresses surprise that the writers of this article made 
the statement that the amount of hydrogenation which is required 
to render the oil just incapable of responding to the Halphen test 
has not to their knowledge been investigated, in view of Lowen- 
stein’s Patent No. 1,187,999. In reply to this, Moore, Richter and 
Van Ardsale comment as follows: 

In reply (o Dr. Arthur Lowenstein 's criticism of a section in our article on 
“ The Incomplete Hydrogenation of Cottonseed Oil,” we wish to state that 
U. S. Patent No. 1,187,999 was familiar to us at the time the section in ques- 
tion was written: neither at that time nor at the present time, however, could 
we regard the disclosures of the patent as constituting anticipation of our work. 

The fundamental statement of the patent, as quoted above by Dr. Lowen- 
stcin, is as follows: “ . . . the hydrogenation process is continued until a sample 
of the oil fails to respond to the Halphen reaction and the desired degree of 
crystallization takes place when the oil is chilled.” There is no warrant for 
assuming from the language of the patent that when the Halphen test is just 
destroyed the i)ropcr amount of crystallizable material has just been produced; 
in fact, it would appear that a considerable degree of choice may be exercised 
in the production of this stearine after the Halphen test response is gone. 

The iodine number of the product of the patent is not stated to be that of a 
product in which the resi)on8e to Halphen test has just been destroyed, but is 
that of a product in which both conditions have been met. The breadth of the 
range given, 90 to 102, indicates that ‘‘the desired degree of crystallization” 
upon oliilling is subject to considerable variation, according to the object in view. 

The other distinguishing mark given in the patent, namely, a range of increase in 
titre, likewise fails to disclose any definite knowledge of the degree of hydrogenation 
necessary to destroy the response to the test; its indication is ambiguous like that 
of the iodine number. We have not experimented with the Wolfbauer method, 
since its use is uncommon in this country, but it is certain that the range of 
0.1° to 0.5° C. represents a very large range in actual hydrogenation, as mea- 
sured by change in iodine number. It is noteworthy that our experiments in- 
variably showed a decrease in titre, as measured by the A. 0. A. C. method, 
before any increase began, so that to increase the titre 0.1 to 0.5 above that 
of the original oil required a drop of iodine number to about 70. 

We wish to point out that if, as Dr. Lowenstein asserts, there are “ many vari- 
able factors which would have an effect on this conclusion,” there exists no pub- 
* J. Ind. Eng. Chem., 9, 719. 
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and Thiele* by depositing reduced palladium upon ignited animal 
charcoal, giving a catalyzer that will saturate fatty substances 
completely, using 1 part palladium to 15,000 parts oil. 

Biazzo and Vigdoreik’s method is as follows: Saponify 20 g. of the oil and 
extract fatty acids with ether and sulphuric acid. Dry the ether extract with 
calcium chloride, distill off the solvent and remove the last traces from the 
residue by placing in hot oven for fifteen minutes and blowing a current of air 
over it from time to time. Dissolve the acids obtained in 180 cc. anhydrous 
acetone, warm on the water-bath to incipient boiling, add 20 cc. N c^austic potash 
and cool to 15°. Collect the precipitated fatty acids by use of the pump, wash 
with 4 portions of 10 cc. cold acetone, finally dissolve in water and extract from 
the solution the solid fatty acids with hydrochloric acid and 100 cc. ether. 
Wash the ethereal extract twice, each time with 100 cc. water and then shake 
for five minutes with 15 cc. 30 per cent aqueous solution of lead acetate, sub- 
sequently removing the subnatant aqueous layer. Filter the precipitate “ A 
of lead soaps from the ethereal solution “B,” first allowing tlic liquid, if neces- 
sary, to stand on a bath at 23° to 25° for one-half hour. Examine the precip- 
itate ** k” for arachidic and lignoceric acids, i.e., for arachid oil.'i Free solution 
“ B ” from lead by use of hydrochloric acid and wash till tlu; mineral acid is 
completely removed. Hydrogenate by palladium catalyzer till hydrogen is no 
longer absorbed, filter and evaporate the solvent. Treat the residue by frac- 
tional crystallization as in the method of separating arachidic and lignoceric acids, t 
If the final crystallization gives a substance with melting-point above 71°, the oil 
under examination contains a cruciferous oil. Positiv(^ indications are furnished by 
a melting-point between 76° to 79.° The sensitiveness of the method depends 
upon the care employed in preparing the palladium catalyzer, and in collecting 
and washing the acid potassium soaps, insoluble in acetone, at 15°. 

A procedure by Kelber § relates to the removal of halogen from 
organic halogen derivatives by catalytic hydrogenation. Kelber notes 
that palladium has been used for the displacement of halogens from 
organic compounds, and it has been found that the reaction in pres- 
ence of palladinized calcium carbonate proceeds so completely that the 
hydrogenation process may be used as a quantitative method for the 
determination of halogens. 

Equally satisfactory results may be obtained with nickel catalysts and in this 
case it is not necessary to recover the catalyst. A special shaking tube has been 
designed for the use of this method for analytical purposes. This vessel is easily 
filled with the catalyst and the halogen derivative can be added subsequently; 
any contact of the liquid and catalyst with rubber connections is avoided and 
the product of the reaction can be quantitatively removed. The catalyst is 
prejmred by heating basic nickel carbonate in a current of hydrogen at 310° to 
320° C., cooling, and passing a current of carbon dioxide over the material. 
The catalyst may be kept for a long time in closed vessels. For each deter- 

♦ Chepi. Abs., 10, 2158. 
t Chem. Abs., 1917, 712. 
t J. S. C. I., 1913, 201. 

§ Ber., 1917, 305; J. S. C. I., 1917, 568 and 1916, 382 and 1130. 
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EDIBLE HYDROGENATED OILS 

Since the addition of less than 1 per cent of hydrogen suffices to 
convert cottonseed oil or other vegetable oils into a fatty body of 
at least the consistency of lard, it follows that manufacturers of 
ordinary lard compound (that is to say, a mixture of about 85 to 
90 per cent of refined cottonseed oil and 10 to 15 per cent or so of 
oleo-stearin) have promptly turned their attention to the production 
of compound by a self-thickened '' cottonseed oil. 

The high cost * of oleo-stearin prevailing during recent years makes 
the method an attractive one and the hydrogenated product from 
cottonseed oil has the advantage, if properly made, of being very 
stable in character. Unquestionably, also, the hardening process is 
destined to increase the demand for cottonseed oil in the manufacture 
of edible fats. 

By the hydrogenation process a lard substitute may be prepared 
in two ways. The entire oil may be simply hardened to the consis- 
tency of lard, care being taken to employ an oil as nearly neutral 
as possible to prevent excessive solution of catalytic metal, and to 
avoid a high temperature of treatment so as not to impair the flavor 
of the product. If the color and flavor are detrimentally affected, 
resort may be had to a further treatment with fuller’s earth followed 
by steam-vacuum deodorization. The addition of a small amount 
of cocoanut oil benefits the flavor. 

The other method is that of making lard compound which, as indi- 
cated above, involves thickening a large proportion of normal oil 
with a small amount of a relatively-hard hydrogenated product. 
This may be carried out as follows: 

After the oil has been hardened, it is freed of catalyzer and then 
may be run into tanks containing the requisite amount of deodorized 
cotton oil (or other edible oil) and if necessary the mixture is further 
clarified and filter-pressed. With hardened cotton oil of 58 to 60 

* Even though there may exist no marked price differential between oleo-stearin 
and hardened cottonseed oil, yet when, as is the case, millions of pounds of lard 
compound are made monthly in this country, a reduction in cost of but a small frac- 
tion of a cent per pound means an important gross saving. 

319 
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titer, only 7 to 10 per cent is required to thicken the oil to the con- 
sistency of lard, although in hot climates a somewhat larger propor- 
tion may be needed.* The mixture is run onto a chill roll to cause 
rapid solidification and after slight aeration to improve the color 



Fig. 51. 


is ready to be packaged. Fig. 51 shows a chill roll or lard cooler of 
the type usually employed. 

In this illustration the large upper cylinder or roll is chilled by the 
circulation of brine and is slowly rotated say from 6 to 10 r.p.m. 
The hot liquid compound at a temperature of 50° to 55° C. is run 
into the feeding trough 7 and falls onto the chilling roll, forming 
a thin somewhat translucent film which quickly cools and solidifies. 
The solid fat is removed by a scraper and falls into a picker trough 5. 
The latter contains a shaft equipped with beating and conveying 
blades which churn the composition and destroy the translucency, pro- 
ducing an opaque white product of lard-like appearance. The picker 
is run at a relatively high speed, say 175 to 180 r.p.m. Fig. 52 is 
an end view showing chill roll, feeding trough and picker. Fig. 53 
is an illustration of a modified type of compound cooler. In Fig. 54 
the cooler and picker appear on the left hand and in the center is a pump 
which withdraws the product from the picker and forces it through 
the pipe line to the packaging cocks on the right hand. Too high a 

*An object in making lard compound is to use as large a percentage of 
cottonseed oil as possible and yet fulfil the required conditions as to the stiffness 
of the material to withstand warm temperatures without much softening. Com- 
pound which stands a moderately warm climate can be made with even as low 
as 6 tow? per cent hardened oil. 
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speed of the picker blades incorporates an cx(;essive amount of air 
in the product rendering it “fluffy.”* 

The speed of rotation of the chilling roll is governed by the rate of 
feed and temperature of the brine. The latter may be kept between, 
for example, —5 to +10° F. for good results. If the brine is too 
cold, the product is liable to drop badly from the roll and the texture 



is not always satisfactory. This, however, may be largely remedied 
by increasing the feed. In winter the brine may be held at a slightly 
higher temperature to prevent brittleness. In the hottest weather, 
very cold brine should be used to aid in securing a product which will 
preserve its color and consistency for a considerable time. 

When properly made the compound derived by the hydrogenated 
oil thickener is excellent in color, texture, flavor and keeping qual- 
ities. By many it is considered superior in several respects to oleo- 
stearin compound. 

* The author desires to make acknowledgment to the Allbright-Nell Co. of 
Chicago and the Brecht Co. of St. Louis for their courtesy in furnishing the illustra- 
tions Figs. 51 to 54. 
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Possibly, however, for best results as to stability it is desirable to 
hydrogenate the entire body of oil to a fatty acid titer of 36 or 38, 
or whatever consistency may be required, rather than to take a rela- 
tively small proportion of the oil and harden it to a titer of 50 to 60 



Fia. 53. 


or thereabouts and incorporate with unhydrogenated oil. It appears 
that the hydrogenation of the total body of the oil, by transforming 
the linoleic and linolenic compounds and the like, has a tendency to 
improve the oil as regards its edibility and certainly gives it greater 
stability. The flavor of lard compound is, however, preferred by 



Fig. 54. 


many large users of lard substitute presumably because of the pro- 
portion of normal oil which it contains, and the manufacturing cost 
is lower. 

Finally, it may be stated, by partial saturation of glycerides, we 
have possibility of preparing from tri-olein the oleo-distearin 
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or the dioleostearin. Dioleopalmitin would give either oleostearo- 
palmitin or distearopalmitin. From tri-olein we may have the two 
isomeric oleo-distcarins, a- and /3-oleo-distearin as well as a- and 
/3-dioleostearin. Which of these we may be able to produce control- 
lably and which may prove best from the edible standpoint are problems 
for the future to solve. 

Joslin* calls attention to the economy in using hardened oil ^‘vege- 
table stearin” in place of oleo-stearin for making lard compound, 
since only 7 to 10 per cent of the former is called for against 14 to 
20 per cent of the oleo-stearin. Of course the amount of hardened 
oil required depends on its degree of “ hardness ” but for the present 
grades of hydrogenated cottonseed oil of 58 to 60 titer, now on 
the market, the above proportions hold. When the oil is hardened to 
about the consistency of average oleo-stearin, naturally a greater pro- 
portion is needed in lard compound. 

Joslin notes the resultant economy by the employment of hardened 
oil at one plant during a period of one year. 


93 parts cottonseed oil at C.45 $6.00 

7 parts hardened oil (vegetable stearin) at 9.25 „ 

Cost per hundred i)ounds of compound $6.65 

86 parts cottonseed oil at 6.45 $5.55 

14 parts oleo-stearin at 9.25 1.29 

Cost per hundred pounds of compound . $6.84 


Or a saving of practically 20 cents per hundred pounds of compound 
manufactured. 

Hydrolccithin has been prepared from lecithin by Riedel.f A hard- 
ened fat called “Brebesol” intended for edible purposes is manufac- 
tured by the Bremen Besigheimer Olfabriken.J 


Edibility of Hydrogenated Oils 

It seems to be generally accepted by those who have investigated 
the matter carefully that the hydrogenated oils have as desirable a 
degree of edibility as the oils from which they are derived. It is even 
claimed that by destroying traces of certain unsaturated bodies 
thought to be slightly toxic in nature, hydrogenation renders the oil 
better adapted for human consumption. 

* National Provisioncr 1914, 17. 

t Method of Preparing Hydrolccithin. German Patent. Compare Paal and 
Oehme, Bcr., 1913, 1297. 

t Seifen. Ztg., 1914, 263. 
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A question of serious import has, however, arisen in the use of 
nickel catalyzer. Aside from the fact that by careless filtration 
traces of the suspended nickel may be present in the product, there 
is the more serious problem of the actual solution of nickel to form 
nickel soaps which cannot be easily removed. 

According to Bomer,* nickel is dissolved by oils during the hydro- 
genation treatment only when the oil contains free fatty acid in 
considerable amounts. A sample of hydrogenated sesame oil con- 
taining 2| per cent of fatty acid was found to contain 0.01 per cent 
ash with 0.006 per cent nickel oxide. Whale oil, containing 0.6 per 
cent fatty acid, yielded 0.006 per cent ash and 0.0045 per cent nickel 
oxide. Such an amount of nickel possibly would be regarded as unde- 
sirable or objectionable in a product intended for edible purposes.f 

* Zeitsch. Nahr. Gonussm. (1912), 104 and Chem. llev. u. d. Fett. u. Harz. Ind. 
(1912), 221. 

t In a discuasion of Bomcr’s paper (loc. oit.) Lehmann asked whether nickel 
was found in suflicient amounts to make a quantitative determination in hydro- 
genated oils, and Bomer replied that the amount of nickel was just so much larger 
the greater the amount of free acid in the oil and the longer the action of the catalyzer 
on the oil; while Prall observed that the nickel content of hardened oil depended 
essentially upon the amount of free acid and that one should reduce the free fatty 
acid to the lowest possible amount, that with 0.2 per cent fr(H‘ fatty acid in the oil 
no nickel had been detected in the hardened products examined. One could say, 
however, that in 100 grams of oil a fraction of a milligram of nickel is detected. 
Lehmann then remarked that presumably it was to be understood that the presence 
of nickel could not be avoided and that one-half a milligram of nickel in 100 grams 
of the oil would be a good result, to which Prall replied that this was the case when 
the acid of the oil was well removed. 

Auerbach (Chem. Ztg., 37, 297) regards the 0.000002 per cent or so of nickel 
which remains in hydrogenated oil to be of no practical moment from the stand- 
point of edibility. 

An oil mill in Europe making high-grade peanut oil is now constructing a plant 
for hardening edible oils by a hydrogenation process that is said to afford a product 
free from the objectionable traces of nickel found in most of these oils. The hardened 
oil will bo sold to the margarine factories. 

Lehmann stated (Bomer, loc. cit.) that we need have no great concern over the 
utility of this fat or of its physiological action; Straub noted that samples of the 
hardened oil melted at 53° C. and that fats of such high melting point or in fact any 
fat melting above 37° C. were not suitable for persons affected with certain maladies 
of the digestive tract. Lehmann remarked that the work carried on in the Voit labo- 
ratory indicated high melting point fats to be injurious, but considering the way 
hardened fats are made, apparently the means were at hand to make the melting 
point high or low at will; that fats which were to be eaten must not, of course, have 
a melting point of 58° C. Bomer added that he was of the opinion that hardened 
fats were not as beneficial as oil, but that was not the question. The widespread 
use of edible oils depended on the fact that edible fats must have a certain measure 
of consistency. Marguine melting at 20 degrees required but a slight addition of 
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The use of nickel in the form of an oxide, or the use of nickel catalyzer 
containing a considerable proportion of oxide, is perhaps undesirable 
from the point of view of solubility in oil. Nickc'l, in the metallic 
stab;, cannot combine with a fatty acid to prodinte a soap, except 
with the elimination of hydrogen, and in the presence of an atmosphere 
wholly of hydrogen, because of mass action, such reaction would not 
be likely to take place. On the other hand, nickel in the form of 
oxide would yield water on combining with fatty acid which would be 
yielded practic.ally into a vacuum as regards the vapor pressure of 
water. Hence in the manufacture of products intended for edible 
purposes it is suggested that conditions be maintained such that the 
catalyzer, if of the nickel type, is preserved almost wholly in the 
metallic state. Also it is desirable to not force the reaction too 
rapidly with the consequent danger of breaking down the carboxyl 
group and setting free water which would react to produce fatty acid.* 


a fat Tiielting at 50 degrees. It was not, therefore, a question of the nu^lting point 
of the liardeiHul oil, but of the melting point of the margariru' or otluT edible fat 
and \.h(! hardened oil was employed simply to adjust the iiK'lting point, the .same way 
as beef tallow and the like were used. 

A synopsis of Bomer’s paper (Z. Nahr. Genussm., 24, 104-113) appearing in 
Chemical Abstracts, Nov. 10, 1912, 3201, concisely expresses his work. Samples 
of peanut, sesame, cottonseed and whale oil were hardened. The analyses of the 
resulting products indicat, e that tin; more completely unsaturated fatty acids (okiic, 
linolenic and linoleic) arc converted into stearic with increase in tlu^ melting i)oint 
and the lowering of the iodine number, while the saponification number is scarcely 
altered. The iodine number of the liquid acids seems to indicate that the less satu- 
rated acids are more rapidly converted into stearic than is oleic. The partially 
saturated products resemble lard in color, taste and odor, while those obtained by 
further hardening are very similar to beef or mutton tallow. The ordinary constants 
of the hardened peanut oil are so similar to those for lard that it is very difficult to 
distinguish it from hog fat, but the phytosterol of the 3 vegetable oils investigated 
was not affected by the treatment, so that the phytosterol acetate test may bo 
relied upon for the detection of these artificially hardened fats when they are used 
as adulterants for lard, margarine, etc. Cottonseed oil, after treatment, no longer 
gives the Halphen reaction, but sesame oil still responds to the Baudouin test. 
Where nickel is the catalytic agent traces of it will be found in the finished product 
if there were any appreciable amount of free acid in the original oil. Bomer con- 
cludes with a brief report of preliminary work on the stereo-chemistry of the glycer- 
ides formed and the requirements which the new product will have to meet to be 
acceptable as a human food. 

* Bouant (La Galvanoplastie (1894), 186) makes the comment that after having 
considered nickel as dangerous in the preparation of food, it is now recognized, 
on the contrary, to be harmless. Langbein (Electro Deposition of Metals (1909), 
246) observes that hot fats strongly attack nickel. (Trans. Am. Electi’ochem. 
Soc., 23, 116(1913).) 

In the course of some investigations by Gates (J. of Phys. Chem. (1911), 15, 
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The investigations of various authorities, such as Lehmann, Tlioms 
and Muller have shown that hardened oils used for edible purposes do 
not cause any derangement of the system and that tlujy are the complete 
equivalent of animal and vegetable fats of like melting point.* Hydro- 
genated fats are used just like ordinary fats and do not hinder the 
assimilation of other food constituents. The nickel content on a daily 
consumption of 100 grams of the hardened fat is stated to amount 
at the most to 0.6 mg. and may be regarded as entirely uninjurious. 
Hardened fat possesses extremely good keeping qualities, and this is 
probably also the case with margarine prepared from it.f Ledrndorfer 
observes that hydrogenated fats change in odor and color when prc'- 
served even in a vacuum.^ 

A careful study of the occurrence of nickel in edible products of 
various kinds has been made by Normann and Hugel.§ Hardened 
fats prepared with the aid of nickel catalyzers, and intended for edible 
purposes, contain traces of nickel which they state amounts to two 
l)arts per million. But fats which have been treated in nickel-lined 
receptacles show fully this content of nickel. Nickel-lined ware has 

97) it was observed that many of the common metals are dissolved appreciably by 
oleic, palmitic and stearic acids, with evolution of hydrogen. 

The Bureau of Animal Industry of the Department of Agriculture is investigat- 
ing the matter and apparently intends to determine the relative d(^gree of toxicity 
of the traces of nickel in the form existing in improperly made hydrogemated oil. 
We may add that, so far as can be ascertained, the Department looks kindly upon 
the advent of hydrogenated oil in view of the likelihood that it is destined to prove 
a very acceptable substitute for higher-priced animal fats and does not propose, 
according to our understanding, to venture any ruling until the matter has had 
protracted scrutiny. 

The editor of the National Provisioner comments on the foregoing as follows: 

“It is evident that the government investigations have resulted favorably, since 
stcarine made by this process is recognized and passed by the Bureau in meat inspec- 
tion, the only requirement being that it shall be stated on the label that it is ‘ Stearino 
made from cottonseed oiF to indicate that it is manufactured stearine rather than 
the natural article.” Editorial note in National Provisioner, Dec. 27, 1913. 

. Thompson notes that some criticism has been directed at the use of hardened 
oils for edible purposes on the ground that nickel is used in the process, but the 
manufacturers say that although nickel is generally used none of it is left in the oil, 
and that even if it were it is harmless, as shown by many tests with animals and 
with human “poison squads. ” Consular & Trade Reports, Dept, of Commerce, Jan. 
14, 1914, 171. 

* See also “Gchartete Pflanzenfette in der Speisefettindustrie,” Der Seifen- 
fabrikant, 1914, 181. 

t Halbmonatsschr. f. d. Margarine-Ind., 1914, No. 4, 37; Seifen. Ztg., 1914, 206. 

t Seifen, Ztg., 1913, 1317; J.S.C.I., 1914, 206. 

§ Seifen. Ztg., 1913, 959. 
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been in use for ten years or more and during this period many people 
have eaten foodstuffs containing nickel, without any injurious effects 
being noted. Two publications have already discussed the matter 
to some extent, one being by Ludwig* and the other by Lehmann.f 
In one kilo of various foodstuffs these investigators found the follow- 
ing content of nickel: 

Ludwig 

Spinach 

Peas 

Lentils (acid) . . 

Lentils (boiled) . 

Sourkraut 

Plums 

Eruit cooked in 2 per cent 
ac(‘ti(5 acid solution . . G5-G7 

Water, salt water, flesh 

extract and milk 3. 5-5. 3 


Lehmann 

. 25-27 mgs. Beef and bouillon 2G-G4 mgs. 

. 12-lG “ Potato pulp (equal part 

35 “ of water) . 2G-40 

24 “ Spinach ... . ... 22.4 

.5L-129 “ Damson plum mixture .. . 13.3 

35 “ Sourkraut IS -.'17 


The whole question appeared of sufficient importance to lead Nor- 
mann and Hugel to rc^peat this work. They used a nickel kettle to 
prepare the food material and ignited the product in a silica vessel 
to obtain the contcait of ash. Hydrochloric acid was then added to 
the ash and the nickel determined by Tschugaeff’s reagent.}: In this 
manner the nickel was determined gravimetrically in all cases, with 
the exception of coffee. In this latter case a colorimetric comparison 
with a nickel solution of known content was made. 

Thus Normann and Hugel found: 


Coffee 

Apple 

Cabbage . . . , 
Red cabbage 
Sourkraut . . . 
Kohlrabi . . . . 
Potato 


Duration of 
cooking, 
hours 

i 

3 

! 

1 

H 

1 

i 


Mgs. of nickel 
in one kilo of 
material 

0.03 

46 

83 

67 

127 

19 

80 


One of these investigators used, a kettle of this character for a 
considerable period in his household. The food for the use of the 
family was cooked in the kettle so that food with a nickel content, 
approximating that of the above tabulation, was eaten, but no ill 
effects were observed. 


* Osterr. Chom. Ztg., Vienna, Vol. I, No. 1, 1898. 
t Arch, fiir Hygiene, Vol. 68 (1909), 421. 
t Zeitsch. f. angew. Chem., 1907, 1844. 



328 


THE HYDROGENATION 01'^ OILS 


The determination of nickel in fats was made by igniting 200 grams 
of the fat in a silica vessel, dissolving the ash in hydrochloric acid, 
saturating the solution with ammonia, filtering to remove any pre- 
cipitate of iron or alumina and evaporating the filtrate. To the 
residue was added 1 cc. of Tschugaeff’s reagent (alcoholic solution of 
dimethylglyoxime) and ammonia (when a rose coloration due to nickel 
occurs). To determine the nickel quantitatively, the whole residue 
was dissolved in 100 cc. of water and the coloration compared with 
the color produced by adding the reagent to solutions of nickel chloride 
of known content. To secure a constant shade it was found desirable 
to allow the solution as well as the standard to stand for some time, 
usually over night, before final observations were made. 

Of sev('n samples of hardened cottonseed oil examined, four samples 
contained 0.03 mg. of nickel in one kilo. One sample showed a rela- 
tively high content, 0.075 mg. of nickel; while the remaining samples 
contained 0.02 mg. of nickel. Palm kernel oil showed a content of 
nickel ranging from 0.017 to 0.1 mg. of nickel per kilo, averaging 
around 0.02 mg. Thus it will be noted that the nickel content of 
these fats is only about one-thousandth part of that found in foods 
pr(q)ared in nickel kettles, and when one considers that fats generally 
arc not used for edible purposes, hy themselves, but simply as additions 
to other foods, the amount of nickel furnished by hydrogenated fatty 
material amounts to so very little that the consumption of such food 
year in and year out may be regarded as harmless. 

Even in fats intended for technical purposes, the amount of nickel 
is small as compared with that found in the food materials above 
mentioned, as for example: 

Nickel in one kilo 


Hardened fish oil 3.3 mgs. 

Hardened fish oil 1.2 mgs. 

Hardened fish oil 3.2 mgs. 

Hardened cottonseed oil 0.85 mgs. 


Meyerheim* notes that oils which arc to be hardened for edible pur- 
poses should be washed with alkali to remove fatty acid in order to 
reduce the tendency to solution of nickel by the oil; also that care 
should be taken in filter pressing to completely eliminate the particles 
of nickel catalyzer. 

The propriety of using, for edible purposes, low-grade fats which 
have been deodorized and cleansed by hydrogenation has been made 
the subject of considerable debate. Bohm states t that when Mege 

* Fortschr. Chem. Phys. and Phys. Chem., 1913, 305. 
t Seifen. Ztg. (1912), 1087. 
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Mouries was working on the production of artificial butter it was far 
from his mind to use low-grade fats which had been purified by chem- 
ical treatment and that Boudet prescribed only fat of the best quality 
obtained from cattle slaughtered on the same day. Later when Huet 
claimed to make an edible product by thorough treatment of bad 
tallow with aluminium chloride solution, the margarine industry was 
hit a severe blow; for after such a proposal the opponents of artificial 
butter sought and with good results to prejudice the public against 
margarine. 

Although to-day in a margarine establishment there is to be found the uttermost 
cleanliness as regards the plant, Rohm states that this is not true of the raw material 
before it comes into the hands of the margarine manufacturer. Even though, he 
declares, development of oil hardening may mean a great advance technically, it 
is coupled with such an opportunity for the employment of low-grade raw materials 
that it is likely to cause anxiety on the part of the public. In particular Bohm 
refers to the utilization of hardened fish oil in the margarine industry in which 
application technically it appears entirely suitable. Hardened fish oil, he states, 
is to be sure a chemically-changed, completely bacteria-free product; and physio- 
logically is uninjurious. If, however, according to Bohm, we are to sanction the 
chemical treatment of fish oil, this would establish an important precedent for the 
application of all sorts of by-product fats and cadaver fats. When Hefter, together 
with other exp(‘rts, formulated for the margarine industry the restriction that only 
those fats should be used which had been obtained from animals slaughtered under 
inspection, every consumer as well as every manufacturer of margarine was affected. 
With the inauguration of margarine manufacture from fish oil Bohm further states 
it apjiears not improbable that conflict with the present laws will arise. 

Bohm refers to the assertion of Loock regarding renovated butter to the effect 
that no person who realizes the unpleasant properties of the original material would 
buy such butter, a statement, says Bohm, which can certainly ajiply equally well 
to whal(‘ oil margarine. Loock also cites a decision to the effect that no doubt 
exists that a food product is to be looked upon as unfitted for consumption when 
the raw material possesses a loathsome nature, irrespective as to whether the material 
through chemical treatment has been freed from such undesirable properties. 

As to the loathsome nature of whale oil, Bohm asserts that one need only note 
the character of the methods employed in obtaining it in order to appreciate its 
undesirable nature. He maintains that a great part of the carcasses of whales are 
allowed to stand days at a time before they are worked up. Bohm indignantly 
declares the proposal to make an edible fat out of half-rotten whales which are 
treated m the hovels of the natives must naturally excite disgust. Perhaps, he 
says, a manufacturer of artificial butter may be able to use hardened fish oils in 
spite of the pure food laws, but may yet come into contact with the criminal courts, 
for when one buys margarine he expects to obtain freshly prepared beef fat and not 
a chemically-changed fish oil. 

While this contention of Bohm may not be sound in some respects 
it is noted here for the sake of completeness. Naturally such an 
attack against a new and promising use for whale oil has not passed 
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unnoticed. See rejoinder by Lieber in Seifensieder Zcitung (1912), 
1188, and editorial comment adverse to Bohm, also the opinion of 

Xeutgen.* 

An oil which has been used so extensively by physicians all over 
the world as a remedial food for children Lieber believes cannot be 
looked upon as unsafe for human consumption. He calls attention 
to the hardy nature of the Eskimo whose principal or sole food is the 
blubber of the whale and seal. Furthermore, he contends that if 
the carcasses of whales were allowed to decompose, the oil which 
resulted would be of low grade and the pecuniary loss would be con- 
siderable. By the present system as soon as a whale is harpooned 
it is hoisted aboard the whaling ship and immediately rendered, the 
several grades of oil obtained being pumped to separate tanks. Every 
effort is made to produce the maximum yield of No. 0 and No. 1 oil 
because of the relatively high prices these bring. 

Until seven years ago there was only a limited demand for whale 
oil, which was mainly used for the production of glycerine and fatty 
acids. It is now hydrogenated, for soap-making purposes, but in 
Offerdahl’s opinion hardened whale oil is suitable for food. With 
regard to the traces of nickel present in the hardened oil, experiments 
showed that when small amounts of nickel powder were taken daily 
no ill effects were experienced, and that 99.8 per cent of the metal 
was rapidly excreted from the system. Hardened whale oils were 
found to be free from bacteria. t 

The Halbmonatschrift f. d. Margarineindustric (Dussoldorf) diaciisscs the ques- 
tion of the prohibition of the use of whale oil in the edible fat industry (Seifen. Ztg. 
(1914), 30) and from this discussion the following is noted, J — Ever since the dis- 
covery was made of preparing an odorless and tasteless fat from whale oil by the 
hardening process it has been taken for granted in those circles which are antago- 
nistic to the further development of the margarine and artificial edible fat industry 
that hardened fish, seal or whale oil could be used in the preparation of butter sub- 
stitutes. This suspicion was all the greater because of the increase in the last few 
years in the cost of most of the raw materials used in the margarine industry. It 
has been customary for the agricultural opponents of butter substitutes to condemn 
tire raw products from which these products arc obtained and in this way to seek 
to make this indispensable article of food repulsive to the consumer. But in recent 
years the knowledge that margarine practically does not influence the price of 
natural butter, and therefore does not enter into competition with it, has gained 
some little headway. Dr. Vieth, Director of the Dairy Station in Hameln (an 
authority in his line) has acknowledged this to be a fact. If the margarine does not 

* Seifen. Ztg. (1014), 89. 

t Offerdahl, Ber. (1913), 558. 

t Sec ^Iso the views of the Deutsche Margarine Zeitschrift (Seifen. Ztg. (1914), 

ns). 
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harm the butter industry, the bottom is taken out of the agitation which has been 
going on for over a decade against the manufacture of substitutes. In spite of 
this (Molkorei Zeitung, 1918) sj)ace has be<‘n lent anew to the suspicion that the 
raw materials uschI in the production of margarin(‘ cannot b(‘ entirely without effect. 

Edible fats, such as hardened palm-kernel oil, cottonseed oil, etc., which have 
recently been introduced into tin; manufacture of margarine are thoroughly tested 
by government officials and scientific experts. The suspicion that infectious raw 
materials might be utilized can therefore apply only to the possible use of hardened 
whale and seal oil. In order, however, to prevent the spread of this idea and in 
order thereby to {)revent a new danger to the butter substitute industry, the Duessel- 
dorfer Margarine Zeitschrift suggests a legal prohibition of the use of whale oil in 
the edible fat industry. 

It is supposed that the official foodstuff investigators will eventually aid this 
proposal. Its necessity is shown by the fact that an effort has been made from 
foreign countries to induce German margarine factories to use whale oil. The 
suggestion that well-known and reputable margarine factories have already started 
to iis(' whale oil has been shown to be without foundation and is thought to be 
out of the question for the future. In order that no margarine made from whale 
oil may reach the German consumer because of unscrupulous manufacturers (and 
in that way the good name of a product which has been established only after many 
years of effort be brought into ill ri^pute) but one remedy can be suggested: the 
prohibition of whale oil for food purposes. The trade journal of the margarine 
inauslry points out that such a value is placed by all classes of society upon mar- 
garine that the thought of utilizing any raw material repulsive to individual consumers 
ought to meet with vigorous opposition. It is evident from the editorial comment 
at the close of this article that the Seifensieder Zeitung is not in accord with the 
drastic views expressed in the foregoing.* 

On the subject of hydrogenated edible oils but little has appeared 
in the literature.! A number of patents discuss various products and 
methods of preparation. 

An edible oil composition is described by Ellis t comprising hydro- 
genated cottonseed oil and cocoanut oil, the mixture being beaten 
with air to improve the color of the product. The following formula 
and method of treatment are given: Ninety parts cottonseed oil are 
mixed with ten parts of cocoanut oil and the mixture subjected to the 
action of hydrogen at a temperature of from 150° to 160° C., in the 
presence of finely-divided nickel so as to convert a large proportion 
of the unsaturated into saturated material. A solid composition is 
produced which is then subjected to aeration which may be carried 
out by beating the hydrogenated product with rapidly revolving 

* Further comment by Keutgen on the same subject appears in Seifen. Ztg. 
(1914), 171. 

t In an article on “Hydrogenated or Hardened Fat,'' appearing in the National 
Provisioner, Sept. 27, 1913, 104, Hall observes that hydrogenation is one of the 
greatest advances ever made in the fat and oil field. 

t U. S. Patent 1,037,881, Sept. 10, 1912. 
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paddles until a sufficient quantity of air is incorporated in the product, 
in a finely-vcsiculated condition to produce a material of the proper 
consistency and light colored appearance. Another staH'ment * gives 
details of a hydrogenated butter substitute in which various hydro- 
genated and normal oils are incorporated to make a fat approximating 
the melting point of butter, with which is mixed milk, etc., to produce 
a variety of margarine. These compositions should ordinarily have 
a melting point considerably less than the temperature of the human 
body, so that when the material is taken into the mouth, it immedi- 
ately melts and does not leave a greasy sensation on the tongue and 
walls of the mouth. It is generally desirable to carry the hydrogena- 
tion treatment to a point where a product of rather firm consistency 
is secured. This produces a material, however, which is of too high 
a melting point for the production of a vegetable butter composition. 
Hence it is then pressed to remove the excessive amount of sb'arin. 
In the case of cottonseed oil, it is stated that it is desirable to hydro- 
genate until the iodine number falls to about 80. The oil may then 
be cooled to about 30° C., and allowed to stand for a time and pressed. 
Afterwards it is warmc^d to render it entirely fluid, and is incorporated 
with milk material. Suitable material of this character is ordinary 
full milk or skim milk or butter-milk, sterilized milk, sour milk or 
milk which has been specially fermented. Coloring material, such 
as ordinary butter color, may be added. Also a flavoring compound, 
such as cumarin and various esters and aldehydes, such as those of 
valerian and capryl bodies, may be added. In order to give the prod- 
uct the property of browning, when heated in a skillet, bodies such 
as egg yolk, milk sugar, lecithin or finely-powdered casein may be 
introduced. 

A suitable oil base having been derived in this manner, the oily 
material is emulsified with the milk material to thoroughly mix the 
latter with the fatty body. For 100 parts of fatty material about 
30 to 60 parts of full milk or perhaps 50 to 80 parts of skim milk are 
suitable proportions. In the summer months a stiffer composition is 
required than in the winter months and the fatty material should be 
compounded to give a material melting at the proper point with 
reference to seasonal temperatures. In emulsifying it is desirable 
to put a portion of the milk in the beating apparatus, and to stir for 
a short time. In the case of full milk, beating for 10 minutes or so 
causes a separation of the butter fat. The oil may then be added in 
portions, beating thoroughly until the composition is well incorpo- 
rated. The remainder of the milk and fatty material may be added 
♦ Ellis, U. S. Patent 1,038,545, Sept. 17, 1912. 
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from time to time, and the temperature of the mixture should prefer- 
ably be maintained between 30° and 40° C. When the composition 
has become thoroughly incorporated, it is run from the apparatus into 
a cooling device which cools the emulsified composition rapidly. It is 
then ready to be rolled and kneaded to remove the excess of water, 
etc., after which treatment the material is formed into the desired 
shape for shipment. The coloring material and salt and also flavoring 
material may be added during the emulsification process if desired. 

The use of hardened oil in preparing oleomargarine compositions 
is the basis of French Patent 458,011, of 1913, to Deveaux. 

Hydrogenated soya bean oil * has been recommended, as well as 
hydrogenated vegetable oil and animal fats mixed to form lard-like 
products of varying composition. When employing cocoanut oil in 
such compositions it is desirable to hydrogenate it. To be sure, cocoa- 
nut oil usually has an iodine value of only 7 to 10, which is indicative 
of the small proportion of unsaturated bodies present. But, in spite of 
this, in order to secure a permanent product, which does not separate 
or grow lumpy on standing, and which remains in a perfectly neutral 
condiiion for a long period of time, even when exposed to the air, it 
is desirable that the iodine number of the cocoanut oil should be 
reduced to practically zero, if larger proportions than 30 per cent or 
thereabout are incorporated with hydrogenated soya bean or cotton- 
seed oil. 

An edible product of a superhydrogenated character f is obtained 
by carrying the degree of hydrogenation beyond the actual titer re- 
quired and then pressing to remove some of the harder material so 
that the final titer of the expressed fat is that of lard, butter or what- 
ever other titer may be required. Most oils of a vegetable nature 
and some animal oils contain from traces up to considerable quantities 
of highly-unsaturated bodies, including those of the linoleic and lino- 
lenic group. These and other similar bodies are very sensitive to 
oxidation and lend instability to edible oil products of this character 
by their tendency to change chemically and thus alter the flavor of 
the material. These bodies may be saturated by very careful hydro- 
genation up to the degree of consistency required in the edible prod- 
uct, but such hydrogenation is difficult to carry out commercially on 
a large scale with the assurance that the product will run uniform in 
quality. By saturating these bodies with hydrogen to an excessive 
degree as regards final consistency, these bodies lose their identity 
and become substantially free of odor of origin and tendency to rancid- 

* Ellis, U. S. Patent 1,047,013, Dec. 10, 1912. 

t ElHs, U. S. Patent 1,058,738, April 15, 1913. 
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ify or otherwise be decomposed. By hydrogenating cottonseed or 
corn oil or similar oils to materially reduce the iodine number, the 
more sensitive double bonds are saturated with hydrogen and thereby 
eliminated and oxidation tendency is reduced to a minimum. Ap- 
parently the complete elimination of all the double bonds character- 
istic of the linoleic type is more diflScult than the removal of the double 
bonds characteristic of the linolenic type, so that control over this 
seeming selective action during hydrogenation when saturating up 
to a given degree of consistency from a given oil is difficult, if not 
impossible, under ordinary conditions of hydrogenating. If, however, 
the oil is overhydrogenated so that a more consistent fat is acquired 
than is actually desired for an edible product, the unstable bodies 
thus may be completely transformed. In order to secure the degree 
of consistency desired the hot hydrogenated fat is gradually cooled 
to about 30° C., when the teniperature may be maintained betwt^en 
25° to 35° C\, or so for several hours to induce crystallization or ball- 
ing of the high melting point compounds. The mass is then pressed 
to the desired degree. Such a super hydrogenated pressed product 
which may be made either of butter-like or of lard-like consisteri(\y 
is stable in storage and is not liable to coagulate on standing with 
the formation of objectionable masses of granulous stearin-like 
bodies. 

It has been noted when a vegetable oil such as cottonseed oil is 
hydrogenated directly until of the consistency desired that on cool- 
ing frequently it tends to granulate unless chilled or very rapidly 
cooled. This is objectionable in culinary operations as an initial 
lard-like body after once heating and slow cooling in the air often 
forms relatively hard granules of stearin-like bodies which look like 
little balls of coagulated material and separating as they do from the 
fluid oil under some circumstances give the product the appearance of 
having curdled or decomposed. By super-hydrogenating and press- 
ing to the point required the granulating stearins or stearin-like bodies 
are eliminated to a greater or less extent and less easily crystal- 
lizing or non-granulating stiffening bodies remain tending from their 
amorphous texture to better maintain the original consistency and 
app^ffcace of the product in repeated culinary use. 

The Boyce process* of producing an edible compound consists in 
preparing a mixture of synthetic stearin by the action of hydrogen 
in the presence of a catalyzer upon a previously unsaturated oil or 
fat, the latter being subjected to the catalytic action of hydrogen to a 

♦ Boyce, U, S. Patent 1,061,254, May, 6, 1913, assigned to the American Cotton 

oaco. 
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(logree sufficient to convert the required fraction of the oil into syn- 
thetic stearin. The hydrogcaiation process is arrestcxl at the point 
when the stearin is found to In) present in the amount of about 
20 per cent of tlui entire l)ody of the oil. Boyce states that by arrest- 
ing the action at this point there will remain a mixture of the unsatu- 
rated oil and the synthetic stearin produced by the hydrogenation 
of a portion of the oil. 

A hydrogenated fatty food product containing hydrogenated corn 
oil has been described.* When corn oil is suitably hydrogenated, a 
produ(;t is derived which has the property of improving the stability 
of hydrogenated cottonseed oil or similar hydrogenated oils which 
tend to granulate. Also it is stated that hydrogenated cocoanut oil 
rnjiy be used as a fluxing agent for chocolate in the manufacture of 
confectionery. The melting point of the fatty flux should preferably 
be about 90° to 100° F. Hydrogenated cocoanut oil olein may be 
used in a similar manner. The manufacture of the coating of choco- 
late creams calls for a relatively liigh melting point fat which incor- 
porates r('adily with chocolate and docs not impair its flavor. Cocoa 
butt(‘i’ is (‘specially d(\sired on this account, but is relatively expensive. 
(^o(^oaiiut oil melts so easily that in hot weather candies made with it 
soften very quicikly when handled. Cocoanut oil also has a tendency 
to rancidify. By hydrogenation of an oil assimilable with cliocjolate 
tile exa(d melting point desired may be obtained and a stable compo- 
sition secured. 

Hydrogenated oil of high titer, as stated, may be mixed with un- 
hydrogenated oil to form a liody of a consistency suitable for use as 
a substitute for lard. For example, hydrogenated cotton oil of a titer 
of say 52° C. (fatty acids) may be melted and incorporated with four 
tim(;s its weight or so of ordinary refined or d(^odorized cottonseed 
oil so as to form on cooling a white, opaque fatty material of the con- 
sistency of ordinary lard. The product made in this manner is not 
always sufficiently stable. Not infrequently in a short time it will 
lose its opacity to a considerable degree and will take on an appear- 
ance more suggestive of petrolatum than lard. Sometimes this change, 
which may be due to a tendency to- form solid solutions of certain 
types, occurs irregularly in layers or isolated zones which give the 
product a curious mottled appearance, and this striated effect taking, 
place in the containers during storage so changes the product, physically 
at least, that it is regarded as damaged or unfit for use by those accus- 
tomed to the normal appearance of lard. By disseminating through 
a fatty basis of a melting point and consistency approaching that of 
* Ellis, U. S. Patent 1,067,978, July 22, 1913. 
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lard, a quantity of fatty material of higher titer so as to form floccula- 
tions of a high titer produ(;t uniformly disseminated through the 
fatty basis, a product of better “ color stability ” is secured.* The 
material of the relatively higher tit(;r may be denominated the stabilizer 
and the proportions of fatty basis and stabilizer as well as their melt- 
ing points and titers may be varied to meet various conditions of a 
climatic nature. 

As an illustration one may take to make the fatty basis, 6 parts of hydrogenated 
cottonseed oil of a titer ranging between 52“ to 54° C. (fatty a(nds) and 34 parts of 
refined and deodorized cottonseed oil. A thorough mixture is sec-ured by the aid 
of heat and when well incorporated the melted product is chilled rapidly in a thin 
layer by feeding onto a chilled roll which is kept in constant rotation and from which 
the solidified product is removed in layers by a scraper. This j)roduct when prop- 
erly set has a consistency approaching that of ordinary lard. The stabilizer is pre- 
pared by iniHirporating 3 parts of hydrogenated cottonseed oil of the same titer as 
that used in making the fatty basis, with 5 parts of refined and deodorized cot tonseed 
oil. By heating the hardened oil with the deodorized oil the requisite mixture is 
obtained. As in making the fatty basis, the stabilizer is likewise chilled to form a 
solid, preferably in thin layers, and the two products are mixed in powerful mixing 
apparatus until the stabilizer is well disseminated through the fatty basis. To 
secure a desirable distribution both the fatty basis and the stabilizer may be fed 
onto the same chill roll in a scries of adjacent or alternate streams, or the fatty 
basis may be allowed to fall on the chill roll, and when it has jirogressed a distance 
sufficient to solidify but not to stiffen it fully, the stabilizer is apiilied as a super- 
posed coating adherent to and slightly intermingled at the contacting surfaces, 
with the fatty basis. This composite film is removed by the scraper and is then 
“pugged” or beaten. As the melting point of the stabilizer is preferably consider- 
ably higher than that of the fatty basis, the former congeals more quickly, so that 
although the superposed film is somewhat insulated from the chill roll by the fatty 
basis film yet the solidification of the upper layer is usually rapid enough to prevent 
material .solution or interfusion of the two heterogeneous layers. 

Further modifications are the following: Eighty parts of cottonseed oil are mixed 
with fifteen parts of hydrogenated oil of a titer of 48 (fatty acids). This is chilled 
and mixed with five jiarts of melted 42° C. titer hydrogenated or hard oil, or fat. 
Likewise one can superpose on a basis of 34 to 38 titer about 20 per cent of 40 to 
42 titer. Cottonseed oil may be hydrogenated to 37 titer, chilled as described and 
similarly incorporated with about 10 to 20 per cent cottonseed oil hydrogenated 
to 40 to 42 titer. Thus there may be obtained a lard-like or otherwise consistent 
fatty material having its main titer to a considerable degree influenced so that the 
product may have the desired soft consistency of ordinary lard while actually con- 
taining bodies which if melted into the fatty basis would raise the melting point 
and consistency. 

Palm oil, suitably hydrogenated, has been recommended for use 
in edible fat products, f 

* Ellis, U. S. Patent 1,070,331, Aug. 12, 1913. 

t Ellis, U. S. Patent 1,087,161, Feb. 17, 1914. 

The fatty acids of Kaya oil have been hydrogenated by Ueno (Chem. Rev. u. 
d. FetL u. Harz. Ind. (1913), 209) who thereby obtained fatty acids melting at 
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Wilbuschewitsch * regards his process as applicable to the treat- 
ment of all unsaturated acids and their glycerides, as well as for 
waxes and other alcoholic fatty substances. From castor oil there is 
obtained a product which melts at 83° C. The finished fat can be 
hydrolyzed and the fatty acids distilled. For example, from cotton- 
seed oil there may be obtained fatty acids which melt up to 71° C. 
and make excellent candles. After suitable refining the products 
may yield satisfactory alimentary fats if the reduction is only carried 
so far that the melting point is between 28° and 34° C. Thus he 
finds from castor oil there may be made a product which is odorless 
and tasteless but retains the other properties of castor oil. So also 
from cod liver oil and other fish oils there may be made butter substi- 
tutes, or from vegetable oils substitutes for cocoa butter. Oils treated 
by the process lose their specific odor.f 

It has boon shown by Erlandsen, Fridricia and Elgstromf that hardened whale 
oil is eminently suitable as a human food Experiments wore made with the whale 
fat m eomj)arisoii with butt, or fat The apparent digestibility ranges from 91.6 
t,o 91 9 per cent for these two fats and the difloreuee between butter and whale oil 
does not, exc,{‘ 0 (l 0,9 per cent A margarine containing 22.8 per c(*nt of the whale 
oil was used in an institution where 2t50 people were fed. A physician who was 
in c.onstant, attimdance reported favorable results. 

A sample of butter fat (!xamined by Amberger§ contained only 2.4 per cent of 
triolein By fractional crystallization of the glycerides of hydrogenated butter fat, 
it was found that th(^ olein had not been converted into tristearin, but into a mixed 
glyceride The greater part, of tlu' ol(‘ir^ acid in butter fat is therefore present as a 
mixed glyci'ridi' and not as triolein. Butyric and caproic aiads are also present as 
mixetl glycerid(‘s: tributyrin and tricaproin could not be isolated from the fat. 
Butyrodiol(‘m, butyro- palrnito-olein, and oleodipalmitin are present, as is shown 
by analysis of the glycerides isolated from the alcohol-soluble portion of hydro- 
genated butter fat. Amberger has also isolated another glyceride, m.pt. 67.9° C., 
from butti'r fat; this glyceride yielded a mixture of fatty acids, m.pt. 55 . 5 ° C. (See 
page 318.) 

65.5° C. Th(^ hydrogenation of the material was carried out in alcohol solution using 
platinum black as a catalyzer. Kaya oil as employed for edible purposes is liquid 
and yellow in color. 

* U. 8 . Patent 1,024,758, April 30, 1912. 

t The keeping properties of some hardened oils examined by Knapp (Analyst, 
1913, 102) were found to be remarkably good. Although prepared nearly a year 
and a half previously, and having often been exposed to damp air, yet these samples 
showed no signs of rancidity. The acidity (0.7 per cent as oleic acid) did not appre- 
ciably change during the period of observation. 

JTidskrift Kern. 1918, 15 , 109; Chem. Abs. 1918, 1793. 

§Z. Unters. Nahr. Genussm., 1918, 35 , 313; J. S. C. I., 1918, 558A. 
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EDIBLE HYDROGENATED OHS— Continued 

Wesson* observes that one of the latest contributions of the 
chemist has been the hydrogenization of fatty oil which converts 
it into a solid fat by the introduction of hydrogen into the molecules 
of the unsaturated acids. This enables the manufacturer of cooking 
fats to turn out compx)unds consisting entirely of vegetable fat. 
which are fast displacing the mixtures of oil with animal fats for- 
merly employed. By the new process of hydrogenation wholesome 
edible fats of the consistency of butter and lard are now produced 
entirely from what normally will probably continue to be our cheapest 
vegetable oil, namely, cottonseed oil. 

A. H. Gill t discusses the subject of hardened oils in their various 
applications. Concerning edible products obtained by hydrogenation, 
he observes that 

It is claimed for them that they can be heated hotter (to 455® F.) without 
smoking than ordinary fat: this cooks the outside of the food more quickly and 
prevents the grease from soaking in. Consequently it is less greasy, more 
digestible, dry and crisp. Another advantage is that no odor is absorbed; fish, 
onions and potatoes can be cooked successively in the same fat. Another claim 
is that one-fourth less is used of these fats than of butter; further that it is all 
fat, while butter contains 5 to 16 per cent of water. 

Gill also notes that hydrogenated vegetable oils seem to offer a satisfactory 
substitute for animal fats to those who object to the latter from prejudice or 
religious scruples. 

Klimont and Mayer t consider the chief objections against the use 
of hydrogenated fish oil in the manufacture of margarine are that 
the production of the crude fish oil is not under proper control, 
that the disagreeable odor may reappear when the product is kept 
for a long time, that the hydrogenated oil may contain small quan- 
tities of nickel, and that it has a higher melting-point than any of 
the fats hitherto used for foods and hence would probably not be 
easily digested. 

* J. Ind. Eng. Chem., 1916, 277. 

t Science Conspectus, Mass. Inst. Tech., 1915, Vol. V, No. 4. 

t Z. angftW. Chem., 1914, 27, 645; J. S. C. I., 1915, 148. 
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Klimont and Mayer were unable to detect nickel in hydrogenated oil exam- 
ined by them; hence this test could not be relied upon for the detection of 
hardened fish oil in oleomargarine. The following test is proposed: 2 to 3 g. 
of the sample is melted, and dissolved in acetone to a total volume of 50 cc. 
After standing for twelve hours at the ordinary temperature, the crystals which 
separate then are filtered off, dried and weighed. Oleomargarine yields 12 to 13 
per cent of crystals of M.P. 45® to 47® C. In the case of artificial mixtures of 
oleomargarine with hydrogenated fish oil and rape oil, the portion crystallizing 
from acetone was, in all cases, considerably greater than 12 to 16 per cent, which 
may be taken as the limits for genuine oleomargarine. It was possible by this 
test to detect 3.5 per cent of hardened fish oil when this was added, together with 
5.5 per cent of rape oil, to olemargarine. 

Initially, Bontoux states, edible peanut, cotton, sesame and sun- 
flower oil were hardened for use as edible fats in margarine manu- 
facture but with the perfection of the hydrogenation process, lower 
grade oils including No. 0 and No. 1 whale oil were hardened.* 

A plea for the prohibition of hardened whale oil in oleomargarine 
is made by a number of German margarine concerns, f who base 
their petition on the inedible character of the original oil. 

Bergius J notes that a careful survey of the applicability of 
hardened fats for edible purposes fails to discover anything objec- 
tionable in such products. 

The food value of hydrogenated oils has been studied by Pekel- 
haring and Schut.§ White rats and mice, and a dog, were used in 
these experiments. The fats fed were hydrogenated whale, peanut, 
sesame and cottonseed oils. F'requent determinations of the fat 
content of the feces were made, and the general condition, changes 
in weight, etc., of the animals noted. The investigators conclude 
that these fats are not only harmless, but may well find applica- 
tion as human food and that they give best results when mixed with 
natural fats, as lard. 

Thoms and Muller || have made an extensive study of the chemical 
and physical properties and physiological action of peanut, cotton- 
seed and other oils which have been altered by the hardening 
process so that they have a higher melting-point. Feeding experi- 
ments on man and animals indicate that they are harmless and are 
to be considered as useful articles of diet. 

Holmes and Lang have published a paper entitled “ Fats and 

* MatiSres Grasses, 1914, 4194; Siefen. Ztg., 1914, 987. 

t Seifen. Ztg., 1914, 604; Margarine Industrie, 1914. 

t Seifen. Ztg., 1914, 728. 

$ Pharm. Weekblad, 53, 769-85, 1916; Chem. Abs., 1916, 2758. 

II Arch. Hyg., 84, 56-77, 1915; Chem. Abs., 1915, 1642. 
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their Economical Use in the Home,”* in which they refer to the 
edible grades of hardened vegetable fats. They state that hardened 
oils used in this field are generally white in color, have no appre- 
ciable odor or taste and arc less likely to become rancid than the 
original oil. They also state that a number of these fats marketed 
under a variety of trade names have proved popular and appear 
to be of quite wide application. It is observed that the hardening 
process may be of special value in the future utilization of some oils 
like fish oils which because of objectionable flavors or odors are not 
entirely suited for edible purposes in their natural state. 

Eslabrook t advocates a product for edible purposes, consisting 
of wheat flour mixed with comminuted hardened oil. 

This product, when made into a dough by the addition of milk or water, and 
baked, is shortened by the presence of the hardened fatty material. 

The shortening agent Estabrook states is made according to the following 
process: cottonseed oil is first heated and nickel salt is added thereto. Hydrogen 
is then conducted into the oil, and the heat is continued and mass tlie stirred 
constantly. The nickel salt acts as a catalyzer, cairsing the oleic acid of the oil 
to take up hydrogen, whereby it is changed into stearic acid. When the i)rocess 
of hydrogenation has progressed far enough to give the mass the desired hard- 
ness, which is ascertained by making a titre test, the melted fat is filtered off 
from the nickel and allowed to cool. The product thus obtained is stated to be 
much harder than natural hard fats, and due to the changes produced by the 
hydrogenation process it will keep for an indefinite length of time without 
becoming rancid. This, Estabrook exjdains, as due to the fact that the linolein 
of the oil, which tends to produce rancidity, is changed by the process into 
stearin. Freedom from rancidity he states is also due in a large measure to the 
fact that the hardened oil contains little or no olein, practically all of the oleic 
acid of the oil being converted to stearic acid by the process described; and any 
palmitin which may be present is unobjectionable for the reason that this is 
a solid and lends itself readily to the preparation of a dry-shortening flour. 

The hardened oil is finely ground and mixed with flour. For the purpose 
of making biscuit or a similar product Estabrook states that about 12 lb. of the 
comminuted hardened oil should be mixed with 200 lb. of flour. The product 
may be sacked or barreled, for shipping purposes, and, as indicated above, may 
be kept for an indefinite length of time without material deterioration. Baking 
powder also may be added to the flour, as well as seasoning, so that for cooking 
purposes it is only necessary to make a dough of the product by adding milk 
or water, rolling it into a relatively thin mass and then cutting into biscuits and 
baking. For making pie crust, or similar types of pastry, Estabrook recom- 
mends the amount of hardened oil added to the flour to be about 24 lb. to 200 
Ib. of flour, and the leavening agent to be omitted. In making ordinary baker's 
bread the proportion is about 6 lb. of the comminuted hardened oil to 200 lb. 
of flour. 

* Bulletin No. 469, Department of Agriculture. 

t J. S..C. I., 1914, 1218; U. S. Patent No. 1,117,012, November 10, 1914. See also 
Nos. 1,276,607, 1,276,608 and 1,276,509 issued August 20, 1918 to Ellis. 
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Kohman, Godfrey and Ashe employ hydrogenated fats in the man- 
fact ure of bread.* 

A shortening effect equal in value to that produced by relatively large quan- 
tities of liquid oil is slated to he obtained by the employment of a hard fat, 
which also permits the use of sufficient water not only to supply the amount 
required for giving stiffness and springiness to the dough, but to supply, in the 
baked loaf, the quantity recognized as desirable for imparting to the bread the 
expected freshness and flavor. The employment of the hard fat as the shortening 
agent is likewise found to add to the keeping qualities of the loaf, in the sense 
that even after (he loaf has lost its original freshness, it lacks the rancidity 
frequently met with in ordinary bread which has been kept, under the same con- 
ditions, for the same period of time. For the present purpose they use as the 
shortening agent, a hard fat of either vegetable or animal origin, — as, for instance 
hydrogenated edible vegetable oil (hydrogenated cottonseed oil), hydrogenate, 
(‘dible animal oil, or oleo-stearin. Kohman, Godfrey and Ashe give preference 
to the use of hydrogenated cottonseed oil, or other hydrogenated vegetable oil 
of an edible character, for the stated reason that such oils are relatively cheap, 
and can be hydrogenated or hardened up to a high melting-point readily and 
(ionveniently. Thus hardened cottonseed oil having a melting-point of 57® C. 
is well adapted for shortening jiurposes. 

Tt> incorporate the hard fat. of high melting-point into the dough batch it is 
desirable to bring the former first into intimate admixture with flour. This may 
be effected by melting the hard fat and heating it somewhat above its melting- 
temperature and then mixing the flour therewith. The heating and mixing opera- 
tion may be carried out in a rotary drum, having a heating jacket, and provided 
wit,h stirrers. The temperature should be maintained, during the mixing opera- 
tion, above the melting-point of the fat, so that the flour shall not chill the mass, 
or the flour may be preheated, for the same purpose. It is found that under 
these conditions a quantity of flour equal in weight to from 5 to 10 times the 
weight of the melted fat will absorb the fat, and that the flour will retain its pul- 
verulent condition. The procedure involves heating only a relatively small 
quantity of the flour. Thus, if 1 lb. of hard fat is to be added to a dough 
batch containing 880 lb. of flour, it will suffice to absorb the fat in 5 to 10 lb. 
of flour, in the manner described, and it is found that in the subsequent mixing 
and kneading of the dough batch, the shortening thus added to the relatively 
small amount of flour will be uniformly distributed throughout the entire mass. 
This feature avoids heating the entire mass of flour up to the temperature of the 
small portion which has absorbed the fat. 

The hard fat may also be incorporated with the flour in the manner following: 
The melted fat heated to a temperature of 200® C. and upward may be supplied 
from a suitable melting and heating receptacle to a discharge pipe from which 
it may be ejected, at a correspondingly high temperature, in the form of a 
fine spray or cloud, by a jet of air into an inclosed chamber. Into this chamber 
the flour may be sifted, and on coming in contact with the highly heated par- 
ticles of fat sprayed into the chamber, take up the fat. The flour thus impreg- 
nated with the melted fat remains in a pulverulent condition, after cooling, and 
is available for use as a part of the flour ingredient of the dough batch. In 

* U. 8. Patent Noe. 1,204,280 and 1,204,281, November 7, 1916. 
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this case it is found that by repeating the absorbing operation a number of 
times, upon the same body of flour a quantity of flour from five to ten times the 
weight of the fat is sufficient to absorb the fat and yet remain in a pulverulent 
condition. 

It is found that, with equally good results as to color, texture and expansion, a 
quantity of the melted fat incorporated with the flour in either of the ways de- 
scribed may be employed of approximately one-twentieth the weight of the cotton- 
seed oil used ordinarily in making up the dough batch. Thus, in those instances 
where from 2 to 3 per cent of cottonseed oil (calculated, by weight, on the 
amount of flour employed in the dough batch) was used, one-twentieth of that 
percentage, by weight, of hydrogenized cottonseed oil having a melting-point of 
57° C. may be used, resulting, it is claimed, in like shortening effects with the 
production of a stiffer and springier dough; the viscosity of the dough being 
maintained, even though the absorption is increased, and the resultant baked 
loaf having an amount of moisture sufficient to give it satisfactory freshness and 
flavor. 

Fats of a melting-point as low as about 35° C. can be used and the advantages 
incident to the use of the hard fats secured, although to a somewhat lesser degree 
than when the shortening agent consists of the higher melting fat without appre- 
ciable admixture of liquid fat. Even when fats of a melting-point as low as 
35° C. are employed, the amount of the shortening agent in proportion to the 
flour of the bread is but a fraction of the amount of liquid shortening agent 
required for producing the same shortening effect and need not exceed 5 lb. of 
fat to 880 lb. of flour and bread. Fats of higher melting-point require a cor- 
respondingly less proportion by weight of fat to flour to produce the same 
shortening effect, and, when the melting-point of the fat approximates 57° C. 
the amount of the fat may be diminished to say 2 lb. of fat to 880 lb. of flour 
of the bread. In fact, the higher the melting-point of the fat, the less quantity, 
in proportion to the flour employed, will be required to obtain a baked loaf of 
satisfactory shortness, moisture-content and keeping qualities. 

In a modification of the process of making a shortening composi- 
tion* Kohman, Godfrey and Ashe, heat flour to 200° C. or higher 
and atomize hydrogenated oil by means of a jet of air into the flour. 
To secure this admixture, the flour is sifted in at the top of a cham- 
ber into which the atomized oil is being introduced and on coming 
in contact with the colder particles of flour the hydrogenated fat is 
taken up by the flour. The latter remains in pulverulent condition 
after cooling. By repeating this absorbing operation a number of 
times upon the same body of flour, the latter will take up from 
one-tenth to one-fifth of its weight of the fatty material and yet 
remain in a pulverulent condition. As shortening material, this 
powder may be admixed with the requisite amount of flour and 
other materials used in making bread, thus introducing the shorten- 
ing in a dm{^e manner. 

Hydrogenated oil in the form of a powder is suggested by Alkin- 

• U. S. ffdent No. 1,242,883, and 1,242,884, October 9, 1917. 
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son * as a shortener. Corn oil is hardened to a melting-point of about 
148° F., and is ground in a mill having cooled rolls to give a fine powder. 
During the pulverization the temperature of the fat should be kept below 
its melting-point. The powder is stated to be particularly useful as a 
shortening composition for cereal baking products as it may be added 
to the flour or dough in definite quantities in lieu of lard, butter, or other 
solid or liquid shortening material and is more easily mixed with flour 
and dough than ordinary shortening fat or oil. 

An edible product containing hydrogenated oil and carbohydrates 
in the form of a powder or as a solid cake is described by Ellis, f 

A shortening and leavening composition employing hydrogenated 
oil is suggested by Holbrook J who finds it possible to incorporate 
the components of baking powder with thickened cottonseed oil to 
produce a composition which is stated to be stable and which, when 
mixed with flour and water to form dough, will serve both to shorten 
and leaven the mass. 

The cottonseed oil is thickened to the desired consistency in any suitable 
manner, but, preferably, by partial hydrogenation or by mixing it with from 
0 to 10 per cent of hydrogenated cottonseed oil. Such a fat, it is asserted, will 
not become rancid and does not, as an animal fat or lard appears to do, more 
readily acquire rancidity when admixed with leavening ingredients. The fat 
should be quite free from water, and baking powder or leavening materials, are 
intimately mixed therewith, either by stirring the leavening ingredients into 
the melted fat or mixing with the cold solid fat in a mixing machine. The fat 
and leavening materials are employed in such proportions that when the prepara- 
tion is mixed with about eight parts by weight of flour and with sufficient water 
or milk to form dough and the mass baked, the product is properly shortened 
and leavened. Common salt for seasoning may be mixed into the preparation 
so that the baker need only add the composition to flour and water or milk to 
form the dough. Since the baking powder is embedded in the body of lard-like 
fat it does not easily absorb moisture from the air and hence retains its gas- 
producing capacity indefinitely. The baking results attained are said to be 
superior to those effected by separately mixing the shortening and baking powder 
in the dough in the ordinary manner. The explanation offered is that the 
baking powder ingredients are embedded in the shortening fat and the develop- 
ment of the leavening gas is, for that reason, diminished or retarded in the cold 
dough, and hence more of the leavening act’on occurs when the dough is exposed 
to the heat of the baking oven. For this reason also, the preparation is consid- 
ered to be more economical since by its use a smaller amount of the leavening 
agent is required. Thus, if baking soda is used in the preparation as the source 
of the leavening gas, the amount needed to properly leaven a given quantity 
of flour is stated to be about 25 per cent less than is ordinarily required, and 
the amount of baking acid required to react with the soda is likewise reduced. 

♦ U. S. Patent No. 1,231,114, June 26, 1917. 

t U. S. Patents Nos. 1,276,507, 1,276,608 and 1,276,609, August 20, 1918. 

X U. S. Patent No. 1,210,940, January 2, 1917. 
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The leavening ingredients recommended are sodium bicarbonate and finely-pul- 
verized acid phosphate such as mono-calcium or mono-sodium phosphate. Acid- 
phosphate, particularly mono-calcium and mono-sodium phosphate, are inexpensive 
and efficient baking acids, but they absorb atmospheric moisture and must, therefore, 
be especially prepared for use in ordinary baking powder. Thus, in a stable baking 
powder, mono-calcium phosphate should be used in granular form (i.e , such that it 
will not pass through a ISG-rnesh sieve), rather than in pulverulent form (i e , such 
as would pass through a 20()-mesh sieve). But, since the leavening ingredients 
are embedded in a body of shortening fat, fincly-pulverulent, acid phosphates can be 
employed in Holbrook’s preparation without detriment to its keeping qualil-ies 
and with advantage in the baking results attained. Like the acid ph()S})hatc, the 
sodium bicarbonate and salt employed may be finely pulverized and dried. 

In preparing the composition, the materials and proportions by weight are, 
for example, as follows: 

Thickened cottonseed oil 7 parts Mono-calcium phosphate . . 1 25 parts 

Sodium bicarbonate 1 part Salt 1 part 

The leavening and seasoning ingredients arct drj(‘d, finely pulverized and inti- 
mately mixed with th(‘ thickened cottonseed oil either in the hot or cold state. 
The proportions given are such that. 1 part by weight of th(‘ improved ])repara- 
tion will be sufficient to properly shorten and kaivim dough containing S ])art,s 
by weight of flour, which is stated to be the proportion in which common animal 
shortening fat or lard is generally used. 

Burchanal * prepares a food compound closely simulating lard in 
its physical and chemical (diaracteristics, consisting of a mixturi' of 
an oil and a hardening agent produced by hydrogenizing an oil or 
liquid fat. 

In its most desirable form, the product is a veget,able one, consisting of a 
mixture of about 85 per cent of cottonseed oil and 15 per cent of hydrogenized 
cottonseed oil. In the manufacture of this product, oil is hydrogenized, by vig- 
orous agitation in a closed vessel containing an atmosphere of compressed hydro- 
gen, a catalytic agent, such as kieselguhr impregnated with finely-divided nickel, 
being maintained in suspension in the oil and the charge being heated to a tem- 
perature of about 155° C. The oil is thereby converted into a white or yellowish 
solid, containing additional hydrogen about 5 to 6 jwr cent more than in the 
nonhydrogenized material, having a saponification value of about 190, an iodine 
value of about 20, a melting-point of about 56° C., and a titre of about 55° C., 
gi-^ng no reaction for cottonseed oil under l,he Halphen test. Suitable propor- 
tions of the hydrogenized and hardened oil and of the non-hydrogenized oil 
are now thoroughly mixed or blended. In case about 15 per cent of hydro- 
genized cottonseed oil and 85 per cent of non-hydrogenized cottonseed oil are 
thus mixed, the final product is stated to be a white or yellowish semi-solid, 
having a saponification value of about 195; an iodine value of about 95; a 
melting-point of about 42° C.; and a titre of about 36° C. 

In case a harder hydrogenized stock is used, its proportion may be corre- 
spondingly reduced. For example, if the oil used for hardening is hydrogenized 

* u. S. Patent No. 1,135,935, April 13, 1915. 
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to an iodine value of 8 or 9, approximately 10 per cent of the hardened material 
are stated to be required to yield a mixture having physical constants approxi- 
mately as above specified. 

Burchanal * produces an incompletely hydrogenated lard-like fat 
from cottonseed oil, with the stated object of providing a new food 
for a shortening in cooking, in which the liability to become rancad 
is minimized, and in which the components of such vegetable oils 
which are inferior and detrimental to use as such a food product 
have been, to a large extent, converted into a higher and more 
wholesome form. 

All such vegetable oils contain glycerides of unsaturated fatty acids, and 
among these, notable quantises of fatty glycerides of lower saturation than 
olein. Oxidation is largely the cause of rancidity, which oxidation weakens 
th(‘ fat, at the point, of absorption at the double bonds, and these glycerides of 
kisser saturation readily absorb oxygen from the air at ordinary terniicratures, 
while the more highly saturated glycerides, as olein, only absorb oxygen at 
('l(‘vated t(‘mp(‘ratures. It, is evident, Burirhanal observes, that oils or fats con- 
taining notable quantities of glycerides of linolic acid, or of lesser saturation, arc 
distinctly inferior as an (‘diblc product to those containing a minimum of these 
g1\-c(‘!ides with a larger per cent of olein. On the other hand, whil(> it is im- 
liortant to get rid of the nnidily oxidizable glycerides of lower saturation it is 
also iinponant not to supply too large a per cent of fully saturated glyci‘rides. 
The saturated glycerides of the arachidic, stearic, palmitic and other groups 
are stated to be of very small value for shortening, inasmuch as it, is the liquid 
fats which contribute this valui^ t,o the material. Saturated fats, however, serve 
the purpose of congealing the shortening within the food, and thus retain it 
equally distributed throughout the whole. Oil, liquid at the ordinary temiiera- 
tures is not regarded as making the best shortening, because the oil remains 
liquid, keeping the food in a soggy condition, and the oil will even settle to 
the under ])art of the cooked product. Moreover, fats of a melting-point above 
the temperature of the human body, 98° F., arc not so digestible as fats which 
arc liquid at this point, or which have a melting-point below 98° F. Burchenal 
therefore endeavors to change the chemical composition of the oil (cottonseed) to 
obtain a product with a high percentage of olein, a low percentage of linolin and 
the lesser saturated fats, and with only sufficient stearine to make the product 
congeal at ordinary temperatures. 

Hydrogenation is, therefore, stopped when the oil has been converted into a 
jiroduct which cools to a white or yellowish semi-solid resembling lard. In 
many respects, it is claimed, the product is superior to the best leaf lard as a 
shortening. It is not so liable to become rancid and the product can be heated 
to a considerably higher temperature than lard without smoking or burning. 
The high temperature to which the product can be raised without smoking or 
burning is stated to make the product ideal for frying as a crust forms almost 
instantly on the food fried, which prevents any absorption of the shortening. 
Burchanal gives data on t,hc analytical constants of the product. A lard-like 
product thus prepared from cottonseed oil has a saponification value of about 
♦ U. S. Patent No. 1,135,351, April 13, 1916. 
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195; and an iodine value ranging from about 55 to about 80. The product 
having an iodine number of 55 has a titre of about 42° and a melting-point of 
about 40° C.; that having an iodine value of 80 has a titre of about 35° and 
a melting-point of about 33° C. While but partially hydrogenized, containing 
from about 1.5 per cent to 2.5 per cent of additional hydrogen more than in 
the non-hydrogenized material, it shows no free cottonseed oil when subjected 
to the Halphen test. It contains from 20 to 25 per cent of the fully saturated 
glycerides, from 5 to 10 per cent linolin and from 65 to 75 per cent olein, and 
an average of a number of samples gives 23 per cent of saturated fats, 7,5 per 
cent linolin and 69.5 per cent olein, while the cottonseed oil before treatment 
contained 37 per cent linolin and 46 per cent olein. 

Walker* proposes a method of making fatty food products which 
consist in partially hydrogenating unsaturated compounds of vege- 
tal)le or animal oils and fats, by any method and arresting the 
operation at a predetermined point short of saturation and where 
the consistency of the prodiKd. is above or below that of a given oil 
or fatty body, and then incorporating with the partially hydro- 
genated body an unhydrogenated oil or fatty body to produce a 
product of the desired consistency and having the characteristic 
flavor desired. For example, purified cottonseed oil is hydrogenated 
until the action rea(;hes a point where the stearine produced amounts 
to about 22 per cent of the oil treated, there remaining about 80 
per cent of unsaturated oil. These proportions may vary with wide 
limits, depending on the consistency of the final produ(‘T desired 
and the nature of the subsequent additions. To the hydrogenated 
product freed from catalyzer, oily lard is added, preferably by 
means of incorporating rolls, the quantity being sufficient to give 
to the hydrogenated product a lard (consistency. 

The process is stated to be equally applicable to making butter 
substitutes, the manufacture of coatings for chocolate creams, bon- 
fections and the like. 

Walker considers it is important that the hydrogenating action be 
carried to a point affording a consistency above or below that of 
the final product, and then to secure the desired consistency by 
incorporation of a suitable oil or solid fatty body, thereby securing 
the benefits of the added body as a hardening or softening agent 
while retaining its desirable flavoring characteristics unimpaired. 
In general, the hydrogenating action may vary between a product 
which is soft and greasy to a solid, but for the preparation of lard 
and butter substitutes the hydrogenating action should afford a 
product containing about 18 to 22 per cent of stearine. 

♦ U, 8. Patent No. 1,206,954, December 6, 1916, 



EDIBLE HYDROGENATED OILS 


347 


At the Institute of Hygiene in Wurzlnirg, the Director, K. B. 
Lehmann has busied himself with the question of th(‘ edibility of 
hardened oil * and in particular to answer the questions: (1) In the 
hardening process does th(^ fat take up (luantities of nickel which 
would be injurious? (2) Does the product exhibit any abnormal 
characteristics as viewed from the chemical standpoint? and (3) How 
well fitted is the hardened fat for human consumption as evidenced 
by the effects produced by it on animals and on men when taken as 
an article of diet? 

An analysis of several samples of hardened oils showed that niekel was present 
in amounts ranging from 0.1 milligram to 6 milligrams per kilogram of fat. In 
cottonseed oil, for example the amount of nic^kel j)resent was about 0 5 milli- 
gram per kilo. This means that in 2, 000, 000 parts of the fat, but one part of 
nickel is pres(*nt. Lehmann has shown that food i)repared in nickel vessels 
contains from 11 to 04 milligrams of nickel jier kilo and that, by the use of such 
nickel vessels in the prt'paration of foodstuffs as much as 117 milligrams of nickel 
may be consumed in a day’s ration. In a series of tests made with animals, 
from 6 tn 10 milligrams of nickel per kilogram body weight of the animal, were 
fed f(^r a period of 200 days without injurious effects. In tests made on man, 
u}> to 1 to 2 milligrams of nickel per kilogram body weight were (ionsumed 
without injury. No case has been reported of acute or chronic nickel poisoning 
due to the general use of nickel vessels in the household for the jirefiaration of 
food. Assuming the extreme case of a consumption of 100 g. p(‘r day of hard- 
ened fat, the contimt of nickel in this amount of fat would be 0.0 of a milli- 
gram when taking the fat having the maximum per cent of nickel. Under 
ordinary conditions the amount of nickel would be about 0.1 of a milligram per 
day, which, in comparison with the possibility of consuming over 100 milligrams 
of nickel per day in food cooked in nickel-coated vessels, is indeed a wholly 
insignificant amount. 

A chemical examination of the hardened fat (prepared from peanut, sesame 
and cottonseed oil) did not disclose anything prejudicial from the hygienic 
standpoint. 

After having secured these results from the ingestion of nickel and finding 
that no injurious effects were detectable when nickel in vastly larger amounts 
than found in hardened fat was daily consumed, Ijehmann directed his atten- 
tion to the continued action of the hardened fat itself, first on animals and then 
on man. 

For a period of five months, 50 g. bf the fat were daily fed to dogs of body 
weight 4 to 8 kilograms and the suitability of the fat as a foodstuff determined 
from this standpoint. The results were entirely favorable. Lehmann then 
began a series of tests of the fat on members of his own and other families. In 
three families 7 lb. of hardened fat per month were used over a period of sev- 
eral months duration without any ill results. In his own family the product 
has been used regularly for six months and no criticism can be found against 
the fat. In summarizing his work, Lehmann concludes from theoretical and 
practical investigations that hardened fat is a most rational and desirable fatty 

* Chem, Ztg., 1914. 798. 
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food and ^(‘{>:ard^; it as a most valuable mat(;rial to use in the production of 
oleomargarine. 

Vuk offers,* as a partial explanation of tlu^ divergent views of * 
various authorities eoneerning the harmful effects arising from th(‘ 
use of nickel utensils for cooking and containing foods, certain 
results showing tliat various forms of nickel are dissolved by diluit^ 
atdds with different degrees of facility. 

By heating se])arate portions of 700 ct. of 5 per cent acetic acid for 2] hours 
on a wat(‘r-bath together with each of the different kinds of nickel of which 
e.xacdy ](),S00 sq. mm. were exfiosed to the action of the acid in eacli case, 
the following amounts of nickel were found to hav(' been dissolved, results 
being exjiressed in mg. of nickel per sq. dm. of surface: Rolled iri.fi-lti.O, case 
2r).r)'2(S.S, ('lectrolytic 30.0-30.8, drawn 33.1-30.0, and Berndorf ‘‘ Rein Nickid ” 
01.4-05.4. 

As regards tht' use of nickel ware in t he preparation of food 
Gheorghiu f boiled ordinary salt pickles and meat with water and 
salt two hours in a nickel dish, the resulting products (pickk's, litiuid, 
fat and meat) were (‘xamined for metal with the following rt'sults: 
pickles 107.4 mg., juice 135.6 mg., fat 16 mg., and meat 0.0 mg. 
pt^r kg. substance. 

An edible product comprising edible fatty hydrogenated material 
free from catalytic metal is mentioned in IJ. vS. Patent to Ellis 
No. 1,097,308, May 10, 1914. 

A method of increasing the glycerine (rontent of oils and fats is recommended 
by Naamlooze Vennootschap Ant. Jurgens Vereenigde Fabrieken t which consists 
in heating the fatty material with glycerine in the presemce of a finely-divided 
metal oxide, such as alumina, thoria or titanium oxide. It is supposed that 
bodies of this character exert a catalytic action under these conditions. By 
the treatment, the triglyceride is converted to a greater or less degree into mono- 
or diglyceride. Glycerine enrichment has been found to improve the flavor of 
many oils, such as cod liver and castor oil. 

From cottonseed oil a product containing a considerable proportion of digly- 
ceride was prepared as follows: 

One hundred parts cottonseed oil, 10 parts glycerine and 3 parts alumina were 
heated for one hour at 250*’ in an enamelled receptacle fitted with a mechanical 
stirrer. To avoid oxidation a slow current of hydrogen was passed through the 
apparatus. At the end of three hours the excess of glycerine was removed by 
washing with water. 

Before such treatment, the oil exhibited a saponification value of 189 corre- 
sponding to a glycerine content of 10.3 per cent. The acetyl number was 12. 
After the treatment, a portion of the oil was acetylated and 1 g. of the acety- 
latcd product was •saponified, calling for 263.5 milligram potassium hydrate. 

♦ Z. NahrkOenussm. 28, 103^ 1914; Chem. Abs., 1915, 109. 

t Ber. pharm. Ges., 24, 303, 1914; Cheni. Abs., 1916, 487. 

I Seifen. Ztg., 1914, 1092; Gorman Patent No. 277,641, May 26, 1914. 
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From this is deducted the acetyl value found, leaving 251.5 milligrams potassium 
hydrate, corresponding to the total hydroxyl groups of the glycerine present. 
This is equivalent to 13.75 per cent of glycerine or 3.45 per cent more than was 
present in the original oil. If calculated to diglyceride, the content of the 
latter would amount to 66 per cent. In another test, 100 parts sesame oil, 
12 parts glycerine and 10 parts comminuted kieselguhr were heated to 230® 
under conditions similar to those employed with the cotton oil. After heating 
for three hours, the j^roduct was cooled and washed with warm water. 


Saponification value of the original oil 191.2 

Glycerine content corresponding 10.5 

Acetyl number 11.5 

After treatment and acetylation 1 g. oil reejuired. .. 259.9 mg. KOH 
Deducting acetyl number 11 5 


284.4 

This result corresponds to a glycerine content of 13.59 per cent equivalent 
to 60 per cent diglyceride. 

It is stated that the formation of glyceride by heating fatty acids and gly- 
cerine is already known as also the fact that mono- or diglycerides form on 
hen t; tig a triglyceride with glycerine. The use of a contact body to enable the 
reaction on triglycerides to be efToct,ed expeditiously at temperatures between 
200® to 250" is the indicated improvement. 

A pamphlet entitled “The Present and Future Peril to Our Com- 
merce and Industry,’’ by Dr. Hugo Schweitzer, discusses the devel- 
opment of methods of converting waste into edible fats. Schweitzer 
states: “ Germany imported from us (U. S.) altogether $28,000,000 
worth of fats, principally lard, for culinary purposes. The inter- 
ference with our seaborne commerce through the action of the British 
Navy has suspended our trade with Germany in this commodity.” 

“ Fortunately for Germany, but unfortunately for us, a modern development 
in the fat and oil industry has provided her with means to utilize materials which 
hitherto were unfit to eat. 

“By the so-called method of hardening fats and oils— that is, by treating 
them with hydrogen— they are not only converted from the chearier liquid 
into the higher-priced solid form, but their taste and odor are so improved that 
they might serve for culinary purposes, while without being subjected to the 
hardening process, they could not possibly be thus employed. Even the various 
grades of fish oil can thus be rendered available as food materials. Germany 
cannot possibly be cut off from the supply of these oils. The fisheries of the 
Baltic and the North Sea, of Norway and Sweden would place an inexhaustible 
and cheap source of fats and oils at the disposal of the German people, to whom 
an opportunity is thus afforded to remain forever independent of the import of 
edible fats from the United States. 

“ By this hardening process even the waste fats (foots) obtained in refining 
can be utilized not only for soap making, but also for foodstuffs. In short, by 
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suitable treatment with hydrogen, all oleaginous matter may be converted into 
edible substances.” * 

Utilization of Fish Oil 

It is reported by J. Ind. & Eng. Chem. (1918, 487) that authorities in Germany 
have prohibited the supply of herrings to the trade except with the heads removed 
in order that these may be utilized for the production of oil, albumen and phos- 
phate of lime. Fish offal is now utilized in Gennany to produce food for human 
beings as well as for animals. Offal collected from fish preserving factories, res- 
taurants, etc., is dried and, after the extraction of the oil, ground. The meal so 
obtained frequently contains 50 per cent and upwards of albumen and phosphate of 
lime, the latter being obtained from the bones and heads. By chemical methods, 
the albumen is extracted from the fish meal and rendered available for human 
consumption. From the oil phosphate of lime for animal fodder is obtained by 
means of benzine, benzol, and other fat solvents. The oil is also used for various 
technical purposes. 8pccially good kinds can be hardened by hydrogenation and 
rendered suitable for jiroduction of eatable fat. The hardened fat looks like tallow 
and is ahriost odorless. f 

After determining that corn oil is an economic substitute for olive 
oil, Dean L. E. Sayre, of the Kansas University School of Pharmacy, 
Lawrence, Kan., is reported by the Soap Gazette & Perfumer 
(1915, 99) to be experimenting to determine whether it is a satis- 
factory substitute for lard. Some of the liquid oil, which is heavy 
and brown, was hydrogenated. In this condition it appeared white 
and about the consistency of cocoa butter, and melted at the tem- 
perature cf beeswax. Dean Sayre believes that the hydrogenated 
oil can be used in place of lard, the dietetic value of the oil being 
claimed to be as great as that of either olive oil or cottonseed oil. 
The patented frying mediums are stated to be hydrogenated cotton- 
seed oil.} 

The Proctor & Gamble Company have erected, at Hamilton, Ontario, a plant 
for the manufacture of Crisco, and will also operate glycerine and cottonseed 
oil refineries for their Canadian trade. The Crisco building is similar in con- 
struction to their Ivorydale factory, the inner walls being of white glazed brick, 
the air circulation undergoing a constant process of purification.! 

A method of purifying hydrogenated fats is described by Joslin.^f 

It is stated that hydrogenated fats contain fatty acids and other bodies which 
effect the taste and odor and also certain readily oxidizable components which 
may be removed by treatment with denatured alcohol or wood spirits. A 
volume of alcohol approximately equal to the volume of the fat taken is agitated 

* From an address delivered before the German University League, New York City, 
February 3, 1915. 

t Leimdorfer refers to the fat-hardening process in connection with the edible field. 
Scifen. Ztg., 1915, 344.' 

I See also Lackey and Sayre, J. Am. Pharm. Assoc. 6, 348. 

§ Amer. perfumer, 1915, 104; Soap Gazette, 1915, 224. 

t U. S. Patent No. 1,162,023, August 31, 1916. 
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with the latter while maintaining the mixture in a fluid eondition. As low a 
temperature as is possible is employed, in fact, just sufficicmt to maintain the 
proper degree of fluidity of the fat. A small amount of ab^ohol, ordinarily from 
3 to 5 per cent, dissolves in the fat while the impurities and objectionable sub- 
stances dissolve in the alcohol. The alcohol with the dissolved substances is 
removed by decantation and the alcohol taken up by the fat is removed by dis- 
tillation. This step is preferably followed by a further treatment consisting in 
passing steam or inert gas through the fat. The refined substance is allowed to 
cool in an atmosphere in inert gas. In some cases more than one treatment 
with alcohol may be required to secure the required degree of purification. 
Ihe purified hydrogenated fat is stated to be characterized by containing a 
relatively inappreciable j)ro[)ortion of free fatty acids and a relatively large pro- 
portion of combined fatty acids, and by being free from impurities, unsaponifiable 
bodies, rancidity- tending oxidized products or other bodies of an unstable nature. 

For refining hydrogenated fats to produce edible products, Wil- 
buschewitsch * removes the fatty acids by saponification successively 



with carbonate of soda and caustic soda, subsequently removing 
the soap and washing the oil thoroughly, then deodorizing with 
superheated steam in a vacuum apparatus. Fig. 54a illustrates 
apparatus in which the oil and alkali are mixed by a circulating pump. 

A statement by Oelwerke Germania in Seifensieder Zeitung, 1914, 208, regard- 
ing the Leprince and Siveke patent of 1902 is as follows: 

Hence it follows as a matter of fact that the process of German Patent No. 

♦ U. 8. Patent No. 1,177,911, April 4, 1916. 
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141,029 made a new path in the industry and first solved the important proldem 
of oil hardening. No one before this had thought of the possibility of making a 
solid edible fat from oils. This information is first supplied by Patent No. 141,029. 

The properties and uses of various hardened oils are referred to 
by Thompson,* who states his impressions of the industry as viewed 
in 1914. A comparison of conditions at that time with those pre- 
vailing since tlie present world war began is interesting. 

The total cost of the hardening operation differs widely in different places, and 
varies some with the degree of hardness to be produced. It is said to average 
around 1 cent per pound. In some places it has been done for a commerical toll 
of G cents, which presumably leaves a profit. 

The combined capacity of the hydrogenating plants of Europe is estimated 
for 1914 at 250,000 tons (1,875,000 barrels), which is two or three times as much 
as has ever been treated. These plants are in England, Norway, Germany 
and France, and are engaged at present chiefly on fats for soap and candles. 
They are hardening linseed, whale, soya bean and cottonseed oils. 

The great increase in the demand for margarin in Europe, for compound 
lard in the United States and for hard soap all over the civilized world has 
resulted in closely crowding the supply of natural hard fats, while liquid oils 
are relatively abundant. A few years ago strictly edible liquid oils seemed to 
be growing scarcer, but the new scheme of deodorization began to relieve this 
shortage by lifting the so-called soap oils into the edible class. The same 
process was applied to copra and palm-kernel oils, and finally caused a scarcity 
of soap greases. Hydrogenation now promises a further readjustment of con- 
ditions by permitting the transfer at will of any oil from the liquid to the 
solid class, and it will bring into use some relatively rare oils and encourage 
the production of still others. 

Linseed Oil. (Thompson) 

Linseed oil, in 1914, offered the greatest attraction to hardeners. The price 
in Liverpool in April, 1914, was 5.40 cents per pound, or 2 cents cheaper than 
average tallow. It is now successfully hardened and used for soap on a large 
scale, 750,000 barrels being the trade prediction for 1914. 

The world’s crop of linseed varies greatly from year to year. In 1913 there 
was a record crop of about 2,700,000 metric tons, or half a million above that of 
the year before. Omitting the crush of Russia, which is about 350,000 tons out 
of a crop of 500,000, Europe crushed linseed in the last two years as follows: 


1912. 19L3. 

Metric Tons. Metric Tons. 

Germany 324,700 560,000 

United Kingdom 290,000 665,400 

Netherlands 156,600 207,600 

Others 235,000 266,700 


Totals 1,006,300 1,700,000 

Oil made (estimated 30 per cent). . . 301,890 510,000 

Equivalent, barrels 1,660,000 2,805,000 


*13pecial Agents Series, Bureau of Foreign and Domestic Commerce; Oil, Paint and 
Drug ReiPiltfter. October 19. 1914. 36. 
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Sevenly per c^^ncrease in the '(ti) #upply ''had a depreiising influence on the 
market and ca«6€0*t)ie'jpric^ to decfihe through thq year in the face of a general 
advance for other fats, lliis* fact no doubt had its wei|;hj in accelerating tha 
development of hardening plants. The crop for 19M is ex^tected to be smaller, 
about hke^ that of '1912; knd if so, this extra demand, together ^ith the growing 
demand from' the linbleum indilstry, wilf tend 'to j advance prices. 

Fish Oils. (Thompson) 

^ Fish oils (whale, seal, menhaden, sajrdine, etc.), have generally ruled lower in 
price than vegetable oils, because of their restricted uses. They have not been 
successfully used in the manufacture o^ soap because of the persistent smell. 
It is claimed that the new hardening process eliminates all trace of smell and 
taste and renders these ofls as useful and valuable as tallow for soap. It is 
even claimed tliat they mky be used in margarine. Whale oil has advanced a' 
cent or two per pound on this news, but is still only about 5 cents against 7 
to 8 for tallow. One large hardening plant has already been established in 
Norway (Dc Nordske Fabrik Fredrikstad), principally for treating whale oil, 
and another pla,nt is also being built. The combined capacity of these two plants 
is estimated at 550,000 barrels for 1914. Other plants in Germany and England 
are also working on fish oils. This has greatly stimulated the wlialing indus- 
try, 800,000 barrels being estimated as the catch for 1913, which is many times 
greater than any previous year. Although new whaling fields are continually 
being exploited, extinction of the species is predicted if the present activity 
continues. 

Oils are being extracted in relatively small quantities at various fishing cen- 
ters in England, Japan, South Africa and other countries. When there hap- 
pens to be n surplus catch beyond the capacity of the local market they are 
worked for oil instead of, as formecly, being thrown out on the land or worked 
whole into commercial fertilizers. The introduction of steam trawlers in Eng- 
land has enlarged the fishing radius with a consequent increase of catch. The 
new outlet for fish oil will help to absoVb the suiqilus and prevent an economic 
waste. 

Soya Bean Oil. (Thompson) 

From the present crop of two or two and a half million tons of soya beans 
could be made two million barrels of oil, but no such amount is being made, 
or at least offered to commerce. Only 200,000 to 250,000 barrels are made in 
Europe, and any amount greatly in excess of this would have to move as oil 
from 'China and Japan. As this oil is now definitely moving in the direction of 
salad, and as that trade must draw a supply from somewhere, the probabilities 
are that in the end it will be allowed to go that way and not much of it be 
intercepted for hardening. 

Peanut and Cottonseed Oils. (Thompson) 

Peanut oil is so much esteemed in liquid form for salad and for margarin that 
there will not be so much margin of profit in hardening it as for some of the 
others, and it will probably be left for exploitation at a later date. 

Oil from Egyptian cottonseed, say 374,000 barrels made in Germany and 
England^ is all tending toward the edible trade, though about half of it, natural 
or hardened, still goes into soap. Eventually most of it will probably go into 
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compound lard and margarin, perhaps in the hardened state, especially as it is 
claimed that the hardening process also deodorizes. 

Oil from American decorticated cottonscicd, three to three and a half million 
barrels, is now practically all turned U) edible uses, and its value will be much 
enhanced by the new discovery. Either hardened in the United States or shipped 
abroad to be hardened for margarin and compound lard, it becomes an imme- 
diate competitor of copra oil, the highest-priced ingredient on the market. 
American oil will always have the preference, because it exists in the largest 
amount, thus presenting the largest possibility for selecting a uniform supply. 
Reversing the usual order, increased domestic demand for the new form will 
absorb such quantities that export prices may be maintained at high levels. 

Thompson ♦ observes that formerly artificial lard was made by the admixture 
of bleached liquid cottonseed oil with oleo sf,ock or refined tallow in the right pro- 
portion to give a consistency as nearly like lard as possible. But since the intro- 
duction of the hardening process, much of the artificial lard is made by mixing 
Uquid oil with hardened cottonseed oil. Margarine, or artificial butter is in general 
compounded from the same kind of fats as used for artificial lard. Natural hard 
fats are more difficult to obtain and higher in price than liquid oils, so the arti- 
ficially hardened fats have become immensely popular for all these mixtures, even 
whale oil having been used during the war. 

A liquid hydrogenated oil food product is described by Lowen- 
stein t which is stated to be suitable for use as a salad oil, cooking 
oil or for su(;h other purposes as cottonseed oil, or similar oils have 
been used, the product being superior to such oils in keeping qual- 
ities. 

A further advantage of the new product lies in the fact that the dissolved 
stearin therein is found to crystallize most readily, which quality renders the 
product especially suitable for winter or cold pressing for salad oil. Accompany- 
ing cottonseed oil or other fatty oils, notably seed oils, arc always certain im- 
purities. According to Lewkowitsch (Technology of Oils and Fats) “ these 
can be removed for the most part by steaming or washing with water, followed 
by bleaching or filtering, but even after this purification small quantities of 
non-glyceridic substances remain dissolved. Some of these must be regarded 
• as entirely foreign substances, e.g., traces of coloring matter, chromo genetic 
substances (producing the color reactions which are characteristic of some oils 
and fats).” While refined choice or prime yellow cottonseed oil keeps very 
well in dry storage, bleached or bleached and deodorized cottonseed oil (pro- 
duced by steaming) does not keep so well under similar storage conditions but 
tends to become rancid very much more quickly than the refined undeodorized 
yellow oil. Cottonseed oil which has been partially hydrogenated, does not 
exhibit this tendency toward rancidity even, though bleached oil is employed. 
Nor does the hydrogenated oil, if subsequently deodorized, develop this tendency. 
In other words, hydrogenation as carried out in the manufacture of the new 
product appears to have so altered or destroyed the non-glyceridic substances 
present that the oil has been markedly improved as to its keeping qualities. 
That there has been such a change in the quantity or character of the non- 

♦ J. S. C. I., 1918, 166R. 

. t U. S. Patent No. 1.187,999, June 20, 1916. 



EDIIUJC HYDROGENATED OILS 


355 


glyceridic substances is evidenced by the fact that the product does not respond 
to the Halphen test, which is characteristic of cottonseed oil. 

In carrying out the process for the manufacture of the product, a fatty oil, 
for instant^e choice or prime yellow cottonseed oil, is placed in a closed vessel 
and caused to be chemically combined with hydrogen in the presence of a cata- 
lyzer. A temperature of 150° to 200° C. has been satisfactorily employed and 
the time required to produce the desired result after attaining this temperature 
is from five to thirty minutes, depending upon the activity and proportion of 
the catalyzer employed. 

Depending upon the particular cottonseed oil treated by the process the iodine 
value of the finished product varies from about 90 to 102. Its titre (as deter- 
mined by the Wolfbauer method) has been slightly increased during the process 
to the extent of from about A) C. to C. over that of the original oil treated. 
The color of the treated product is usually somewhat lighter than the original 
oil. On cooling the product it in part readily crystallizes, thereby making the 
separation of stearine from the oil much easier and more effective for “ winter 
pressing for salad oil than is the case with ordinary cottonseed oil. The prod- 
uct responds negatively to the Milliau test for cottonseed oil. 

Brauer * notes that both laboratory experiments and those made 
on a eominercial scale indicate that hardened fats have a much 
greater capacity for “ holding ” water than untreated fats, and that 
the same is true of margarines made from the two kinds of fats. 
Margarines made of (a) hardened whale oil and unhardened linseed 
oil (b) hardened linseed oil mixed with unhardened oil, and (c) tallow 
and unhardened linseed oil, contained 25.67 per cent, 18.33 per cent 
and 11.75 per cent, respectively, of moisture. 

Tht? fat-soluble a(H*essory growth substan(H\s of beef fat and “ oleo- 
oil ” ar(‘ considered important food elements by Halliburton and 
Drummond, t Margarines containing these bodies are nutritively 
equivalent to butter. On the other hand it is asserted that cocoa- 
nut oil, cottonseed oil, peanut oil and hydrogenated vegetable oils 
contain little or none of these accessory substances and that mar- 
garines prepared from these are not equal to butter in nutritive value. 

The introduction of hydrogenated products in margarine manu- 
facture according to Clayton t marks a great technical advance, and 
one which is likely to develop very rapidly in the future. He 
observes that an objection has been raised by Brauer that hardened 
oils raise the moisture content of a margarine, owing to their prop- 
erty of retaining water, much in excess of what other oils do. Brauer 
claims to have proved this on a large scale on many occasions. 

*Z. offent Chem., 22, 209; Chem. Zentr., 1916, II, 627; Chem. Abs., 1917, 1699; 
Zeitsch. angew. Chem., 1916, 39. Ref , 492; J. S. C. I., 1917, 98. 

t Journal of Physiology, 1917, 61, 235-251. J. Chem. Soc., 1917, IM, i, 673, J. S. C. I., 
1917, 1286. 

t J. 8. C. L, 1917, 1205. 
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Clayton notes that as far as he is aware such a difficulty has not 
been met with in British factories, and in any case the problem 
admits of very easy solution. The use of hardened oils really hinges 
upon their edibility or otherwise, and on this point much con- 
troversy has raged. Little doubt exists as to their being thoroughly 
suitable for human consumption, sinc.e they are assimilatx'd during 
human meta})olism just the same as any other fats, but whether 
the traces of metal catalyst almost invariably present affect, the 
health, was, for a long time, a dubious matter. Another objection 
that has been raised against the use of these oils in margarine man- 
ufacture, is that good products may be prepared from bad raw mate- 
rial. As a particular instance, whale oil can be hydrogenated to 
yield a tasteless, odorless, and germ-free fat, physiologically harmless. 
Suspicion was aroused that margarine manufacturers might use 
cheap and unwholesome fish or other oils, hardened to form good, 
clean products. Miuffi controversy has centered I’ound this point. 
So long as the raw material was unsound, the public, would not 
sanction the final margarine. Maylx;, Clayton adds, there will be a 
legal fixing of the raw matei'ial in the futur('. At any rate, such a 
course has been frequently advocated, especially in the United States. 

The utility of hydrogenat(‘d oils in the jnanufacture of oleomar- 
garine receives further confirmation by Pickard,* who states that for 
the purpose hydrogenated or hardened oils arc used in (considerable 
quantities. He further states that when the process is properly 
handled, the melting-point of the resulting matccrial can Ixc regulated 
to a nicety and the oils contain no appreciable amounts of deleterious 
substances, so that they are, therefore, perfecctly wholesome and, in 
consequence, legitimate constituents of edible products. 

Keebler states that the? principal difficulty experienci^d with some manufacturers 
of nut margarine is that of keeping the melting-point above 75 ° F., while butter 
melts about 92° F. However, it is claimed by om^ manufacturer that his nut 
margarine has a melting-point of 107° F. Keebler observes that this possibly 
can be accounted for by the use of hydrogenated oils. 

In the manufacture of leavened bread it is the practice to add 
various milk products to improve the flavor, etc. The addition of 
milk tends to retard fermentation by. yeast and Kohman, Godfrey 
and Asche t have found that by peptonizing the milk the fermenta- 
tion is accelerated rather than retarded. 

'•‘American Food Journal, 1918, 16. 

t Am. Food Jour., 1918, 363. 

^ t U. S. Patent No. 1,222,304, April 10, 1917. 
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In addition to milk they find that various forms of cheese may be employed 
and that it is preferable to mix the elieese with a hydrogenated fat such as 
hydrogenated cottonseed oil having a melting-point of about 35” to 40” C. 
A creamy mixture is obtained by incorporating these ingredients and su(!li mix- 
ture may be readily introduced into the dough batch during the usual mixing 
operation The addition of the hardened fat to the cheese is desirable for the 
further reason that the fat replaces a part or all of the shortening agents that are 
ordinarily added to bread. Ten parts of cheese to 4 or 5 parts of the hard- 
ened fat may be employed and 1 to 11 lb. of this mixture may be used to 100 
lb. of flour. 

A product called Vegetole, manufactured by Armour & Co., 
according to the Americ^an Food Journal, June, 1917, page 330, is a 
hydrogenated (cottonseed oil, without flavor and fully sterilized. It 
is stated that Veg(d.ole differs slightly from lard and also mixtures 
of cottonseed oil and oleostearine and that it also has different 
pi’operties from cottonseed oil. It is observed that the hydrogenated 
oils form a class by themselves and bid fair to constitute a most 
important i)art of what are known as cooking fats. Vegetole is 
swe(*t, wholesome and nutritious and easily digested and can be 
used for all purposes for which lard is used. As a shortening agent, 
whether in bi’C'ad, pie crust, or bis(cuits, or when used as a medium 
for frying, the results obtained are stated to be excellent. 

According to Bemegau,* fresh white of egg is treated at about 
40° C. with freshly expressed pineapple jiucc ((containing yeast cells), 
and the resulting li(iuid mixed with sugar, emulsified with fresh egg 
yolk, and sterilized by heating, yielding an emulsion suitable for 
blending with hydrogenated oils to produce an edible fat. 

Poulenc Freres t claim that the hydrogenation of lecithin may be 
ac(complished by the aid of common metals and their oxides, and at a 
temperature below that at which lecithin and hydrolecithin are 
decomposed, by having the catalyst in its most active condition, 
obtained by slow reduction in the case of the metals and by dehy- 
dration of the hydroxides at a low temperature in the case of the 
oxides; by vigorous stirring of the lecithin so as to expose contin- 
ually fresh surface to the action of the hydrogen, and by working 
under increased pressure. 

Daughters J hydrogenated oil from the seed of the wild cucumber 
(iodine No. 117) using a nickel catalyzer and a temperature of 220® 
to 240° C. The hydrogenateef product melted at 29° to 36° 0. and had 
an iodine number of 76.6. Feeding experiments with mice showed 
that the original oil and the hydrogenated fat were non-poisonous. 

♦German Patent No. 295,351, March 24, 1914. 
t French Patent No. 478,193, July 22, 1914; J. S. C. I., 1916, 1131. 
t J. Ind. Eng. Chem., 1918, 126. 
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USES OF HYDROGENATED OILS AND THEIR UTILIZA- 
TION IN SOAP MAKING 

Uses of Hydrogenated Oils 

Liquid fats and fatty acids are essentially cheaper than solid fats 
and fatty acids, and the ability to prepare from ordinary liquid fatty 
oils a fatty body of almost any desired degree of consistency or hard- 
ness renders hydrogenation especially attractive in the production 
of edible fats and soap-making materials. These are, undoubtedly, 
two of the most important applications, although hydrogenated oils 
are likely to have a rather wide use in the arts. In the manufacture 
of insulating compositions and lubricants, for example, the hydro- 
genated fats may be used to advantage. In the tanning industry 
the stearin produced by hydrogenation is being used as a substitute 
for oleo-stearin. 

The physical and chemical properties * of hardened oils, particularly 
the hardened fish oils, indicate that these products are useful in the 
manufacture of lubricants and that they may be used as a substitute 
for tallow in the preparation of various lubricating compounds.! In 
compounding preparations of this character, the requisite amount of 
hardened oil is added to the oil base employed, the mixture being 
heated to secure satisfactory incorporation, and then is cooled, when 
it is ready for use. The better grades of hardened fish oil also can 
be used alone as a substitute for acid-free machine tallow. 

A review of the soap trade of the United Kingdom for 1913 is significant in 
indicating decreased requirements of several of the staple raw materials, which con- 
dition, rather than suggestive of any decline in the production of soap, marks a 
•greater dependence upon supplies which have been brought within practical oper- 
ation largely through the hydrogenating process for hardening oils! To quote 
from the report on this subject: 

^‘It is of the greatest moment that the European soap maker has found in the 
hardened oils produced by the hydrogen process very considerable relief from factors 
that must have driven values very much higher, had not this new source of supply 
come into actual operation.” 

* Seifen. Ztg. (1912), 1092. 

t Hydrogenated fats, Leimdorfer states (Seifeji. Ztg. (1913), 1317), can be used 
in the preparation of lubricants and in tanning operations. 
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“ English manufacturers as a rule arc quick to turn to advantage any opportunity 
to exploit new methods and processes in their industries, and the recognition of the 
practical application of hydrogenated oils in such an important field as soap making 
is a development of much interest to the affected trades in this country, where the 
process in its general relationship to the soap and lard compound industries is in a 
more or less experimental stage. According to the English soap trade report the 
losses in three of the leading materials available for home consumption, as measured 
by the excess of imports over exports in 1913, were 353^ tons of tallow, 1656 tons of 
palm oil and 2240 tons of cocoanut oil. Exports of soap from the United Kingdom 
last year were heavier (1732 tons), while imports from foreign countries were lighter 
by 2194 tons. As a result of the strides in the hardening of materials for soap pro- 
duction by hydrogenation, whale and linseed oils are now accorded an established 
place in the Kingdom’s soap industry. The total capacity of the hardening plants 
in Europe, including the United Kingdom, is given as 220,000 tons of oil, although 
some of the views expressed in the local trade place it to 300,000 tons. A good part 
of the American linseed oil export trade last year has been attributed to the heavier 
requirements for the soap kettle through the hydrogenation process, and crushers 
and dealers have been buoyed to keener expectations for this year’s foreign business. 
Conditions in other fields in which linseed oil enters must, however, be reckoned 
upon as contributing factors. Persistent attempts have been made to induce our 
soap makers to adapt hardened linseed oil to their service, and while sales of round 
parcels have been made for this account, so far as is known none of the purchasers 
has been encouraged to put the oil into actual test. The favorable market condi- 
tions for competing fats in the soap field may have accounted for the attitude of 
makers toward linseed oil for this particular purpose.” 

“Probably the greatest headway in the application of the hydrogenating hardening 
process in this country has been in the field of edible products in which cottonseed 
oil has entered on the most liberal scale. It was through this means that the domes- 
tic consumption of refined oil during the last crop year so surpassed the general 
expectations of the trade that the principal markets abroad were scoured last sum- 
mer to reclaim any supplies of our oil that might be available, and foreign producing 
sources were also called upon to help relieve the stringency here.” * 

Auerbach t considers the hydrogenation process responsible for an advance in the 
price of fish oils so that they will be of doubtful benefit to the soap industry. Also 
he states that the so-called burned odor which was noticeable in soap made from 
hardened fats is said to have been overcome. Besides fish and whale oil, he notes 
that castor oil is treated to some extent. The hardened castor oil is used for insula- 
tion purposes in the electrical field. 


Hydbogenated Oils in the Soap Industry 

The developments in oil hydrogenation have brought to the soap 
industry an innovation of fundamental importance in the domain of 
raw materials. The soap manufacturer, no longer well able to pur- 
chase the best grade of fats in face of the high prices paid by the 
margarine and other edible fat industries, has now at his disposal the 

* Oil, Paint and Drug Rep., Feb. 2, 1914. 
t Chem. Ztg., 37 , 297. 
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means for utilizing lower grade materials in substitution for more 
costly stock. 

By hydrogenation, oils which formerly made soaps only of soft con- 
sistency, now yield the more valuable hard soaps, ^rhis has led to a 
very rapid development of the art with respect to the production of 
soap-making fats. In particular, fish and whale oils have been made 
use of, because these oils may be completely deodorized by the addi- 
tion of hydrogen. 

According to a Japanese chemist, Tsujimoto, the odor of fish oil is 
due almost entirely to a fatty constituent and not to so-called impuri- 
ties. This fatty constituent is clupanodonic acid having the formula 
C 18 H 28 O 2 , which, therefore, by the addition of 8 hydrogen atoms, 
becomes stearic acid. When hydrogenated down to an iodine num- 
ber of about 50, fish oil has the consistency of hard tallow and the 
odor of fish oil is wholly absent. Even the fishy taste is scarcely in 
evidence. 

For soap making this product is satisfactory as it complies with 
the test for a deodorized fish oil suitable for soap making in that the 
odor of the original oil is not apparent when ironing laundered goods 
on which such soaps are used. If, however, at least with the poorer 
grades of oil, the hydrogenation is not carried on to a point where 
the iodine number is approximately 50 or less, there is some danger 
that the fishy odor will become apparent during the ironing operation. 

It appears not improbable that unstable odor-forming nitrogenous 
impurities in fish oil add hydrogen during the hardening process and 
are transformed into bodies of a stable character. 

Data on a hydrogenating plant in Norway is furnished by Commercial Agent 
E. W. Thompson of the Department of Commerce (Consular & Trade R(‘ports, 
Jan. 14, 1914, 171) who reports that during the summer of 1913 an oil-hardening 
plant was opened at Fredrikstad by De Nordiske Fabriker, with head office at 
Christiania.* The original object was to harden whale oil for the soap industry, 
but as the result of experiments with edible oils the plant is being enlarged to a 
capacity of 1000 barrels a day with the expectation of hardening cottonseed and 
peanut oils for the margarine makers. If this plan is successful it may double the 

* This concern is said to be a German-Norwegian company, capitalized at about 
$833,500, organized to work a new German method of hydrogenation. The Ilafslund 
Falls are being utilized to generate the electric power required by the work and also 
to manufacture by electrolysis the hydrogen required for the hardening process to 
which the purified whale oil is submitted and converted into a solid neutral fat. 
The daily consumption of oil is about 300 barrels. (Jour. Ind. and Eng. Chem. 
(1913), 608.) The hardened fat has a melting point between 40° to 50° C. and 
is stated to be odorless and tasteless. Although at the present time principally 
used for soap making, in all probability in due course the material will be employed 
in mfoiufacture of edible fats. (Seifen. Ztg. (1913), 1413.) 
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consumption of cottonseed oil in the margarine industry. The Norwegian firm 
will purchase the best grades of cottonseed and peanut oils, and will also harden on 
toll. Many European margarine factories are experimenting on hardened cotton 
and peanut oils to replace copra oil, which is high in price.* 

Some criticism has been directed at the use of hardened oils at least for edible 
purposes on the ground that nickel is used in the process, but the manufacturers 
say that although nickel is generally used none of it is left in the oil, and that even 
if it were it is harmless, as shown by many tests with animals and with human 
“poison squads.” 

Samples of Norwegian hydrogenated whale oil which have come to 
the author’s attention are of exceptionally high quality. 

Whale oil of the grades known as 0 and 1 hydrogenate readily with 
nickel as a catalyzer. No. 2 is somewhat more difficult and No. 3 
is decidedly troublesome to treat without special refining. 

Chinese wood or tung oil may be rendered very hard by thorough hydrogena- 
tion and the product often shows the property of expanding on solidifying from a 
melted state, forming a friable mass instead of a firm block. Hardened linseed oil 
sometimes exhibits a like behavior. 

Hardened chrysalis oil is described by Tsujimoto (.Jour. Chem. Ind. Tokio, 1914, 
No. 191 and Chem. Ztg. Rep. 1914, 110). Hydrogenation was carried out with a 
nickel catalyzer and traces of nickel were found in the ash of the hardened product. 

Soya bean oil has become an important raw material for hydrogenation purposes. 
(Seifen. Ztg., 1914, 348.) 

The commercial side of fat hardening is discussed to some extent 
by Schicht t tirid the value of fish and whale oils in this field is con- 
sidered. The probable place hardened fats will assume in the soap 
and edible fat industry is discussed in Seifensieder Zeitung (1913, 
768). 

In this country very little has as yet appeared in the literature 
regarding the application of hydrogenated oils in soap making, but 
in Germany considerable space has been given by the trade journals 
to discussions of the subject. Some of the statements are of a very 
contradictory character as is, of course, to be expected in the early 
stages of development of this important subject, especially in view 
of the very considerable degree of empiricism which prevails in some 
branches of the soap-making industry. 

It is to be regretted that so much of the published matter relates 
to products offered under trade names such as Talgol, Candelite and 

* Hardened sunflower oil is mentioned in Seifensieder Zeitung (1913), 611. The 
Knowles Oxygen Company, of Wolverhampton, England, has contracted with the 
Sunlight Soap Factory, in Port Arthur, to erect an annex to the plant for the pro- 
duction of the hydrogen necessary for hardening palm oil; the oxygen is to be col- 
lected and sold. 

t Seifen. Ztg. (1913), 287. 
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similar hydrogenated fish and whale oils, etc., of the Germania Oel- 
werke at Emmerich, but while soap making as practiced in Germany 
differs in several respects from the practice in this country, it is be- 
lieved the work abroad will prove at least suggestive if not instruc- 
tive.* 

lift the following an attempt has been made to briefly review the 
more important contributions in this connection. 

Garth t states that fish and whale oils arc the raw materials for a 
considerable proportion of the hydrogenated products which, up to 
the present time, have found application in soap making. Being 
relatively low-priced raw material many attempts have been made to 
make cheap soaps from fish oil. These attempts in the past have 
been unproductive because the objectionable odor reappears after 
goods are laundered. Hence there are many proposals directed 
toward the production of odorless fish oil. As is known fish oil con- 
tains nitrogenous compounds and certain of the lower fatty acids 
arising from decomposition of the fish before the oil is expressed. 
Most of the proposals are based upon the assumption that these sources 
of the evil odor can be removed by the action of energetically-reacting 
bodies such as sulfuric acid and the like. However, neither treat- 
ment with strong acids nor distillation with superheated steam pro- 
duce unobjectionable products. By hydrogenation the disagreeable 
odor disappears; nevertheless, there always remains an odor similar 
to that of distilled olein which, however, is completely concealed if 
the product is worked up with a goodly proportion of other fats. 

Garth t observes that the hydrogenated fats which have been 
used in the soap manufacture appear in the trade as Talgol, Talgol 
extra, Candelite, Candelite extra, Crutolein, Talgin, etc. Talgol 
has a melting point of 35° to 37° C., and an iodine number of 65 to 
70. Talgol extra melts at 42° to 44° C. and the iodine number is 
45 to 55. The Candelite products are harder, Candelite melting at 


* In England one large concern is offering several grades of hardened fat ranging 
as. follows: 


’ 

Iodine No. 

M. P. 

Titer 

A1 

50 

40-42 

36 

A2 

85 

28-30 

32 

Cl 

60 

44-46 

45 

C2 

75 

35-37 

36 


t Seifen. Ztg. (1912), 1278. 
Setfen. Ztg. (191?), 1279. 



USES OF HYDROGENATED OILS 


363 


48° to 50° C., and having an iodine number of 15 to 20, while Candelite 
extra melts at 50° to 52° C. and exhibits an iodine number of 5 to 10.* 
Heller t furnishes the following data on these products: 



AcUl No. 

Suponiiication 

No. 

Unsapoiu- j 
fiable 

Iodine 

No. 

Talgol 

3 5 

190.7 

0 33 

63.9 

Talgol extra 

3 8 

190.5 

0.31 

36.1 

Candelite 

3.8 

190.4 

0.41 

18 4 

Candelite extra 

4.4 

188 4 

0 52 

10.4 


FATTY ACIDS 



Melting point 

Titer 

Acid No. 

Talgol 

38.5 

34.6 

199.7 

Talgol extra 

45.5 

43 5 

199 9 

Candelite . ... 

48 5 

47.4 

198.9 

Candelite extra 

51 8 

50.5 

199.9 


Schaal has reported t the results of his observations on the two 
products Talgol and Candelite derived by hydrogenation of fish oil, 
etc., and has called attention to the adaptability of these hardened 
fats in the production of soap base or milled soap. Both Talgol and 
Candelite have a tallowy appearance with this difference, that one is 
softer and one is harder than tallow. At first glance one is likely to 
regard these fats as similar to high-grade soap tallow, but the odor of 
the product immediately shows this is not the case. The odor is not 
disagreeable and in fact resembles some grades of tallow. It is sug- 
gestive of the cheesy odor given off by tallow which has been stored 
for a considerable time in warm weather. Of the two products Talgol 
and Candelite, the odor in the latter is less noticeable. 

In his first investigations Schaal simply replaced a part of the softer 
fats, as he thought Talgol would lose its firm consistency during the 

* The Olwerke Germania has tradcm^ked in the German Patent Office the words 
Andelite, Candolit, Cancellit, Coryphol, Doratol, Dural, Durettol, Durolit, Durotin, 
Durotal, Duru, Durutol, Jutol, Jutolin, Kandel, Kandelin, Kandetil, Kandorit, 
Kerzenit, Kritolit, Krunotin, Krutello, Krutoi, Krutolin, Talgela, Talgelin, Talgol 
and Urutol. (Taschenkalender f. d. Oel und Fett Industrie, 1914.) 

t Seifenfabrikant (1912), No. 31. 

t The results of investigations by Schaal on the utilization of hardened oils in 
soap manufacture are published in the Seifensieder Zeitung (1912), 821, 846, 954 
and 979; (1913), 173, and in a book entitled Die Moderne Toiletteseifen-Fabrikation, 
Augsburg, 1913, to which reference should be had for detailed description. 
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boiling operation and would return to a consistency approaching that 
of the original oil. This assumption proved to be unwarranted as 
tests witli small samples showed that the Talgol fatty acids were as 
hard as the Talgol itself. The first fat mixture used for preparing a 
soap consisted of the following; 

40 parts tallow. 

15 parts Talgol. 

30 parts bone fat. 

15 parts cocoanut oil. 

No rosin was used as it was desired to determine the influence of 
the Talgol odor. During the boiling the odor of Talgol was plainly 
in evidence, much more noticeable in fact than could be observed 
afterwards in the finished soap. The dried curd exhibited a wholly 
agreeable odor in which the characteristic odor of Talgol could not be 
detected, and no odor was in evidence of a nature calculated to alTc'ct 
the perfume. The soap was not perfumed, but was wrapixul in paper 
and laid aside a few weeks for further observation. In another trial 
the tallow was reduced and the Talgol increased in amount, the 
formula being: 

25 parts tallow. 

35 parts Talgol. 

30 parts bone fat. 

10 parts cocoanut oil. 

The saponification progressed satisfactorily, indicating that Talgol 
readily united with alkali. As the bone fat employed was of exception- 
ally dark color, the soap was bleached in the kettle with 0.2 per cent 
Blankit. The dried product had a fine ivory white appearance, but 
the odor of Talgol was apparent although not so pronounced as to 
render the soap unusable. This soap base milled very smoothly and 
easily, giving an excellent finish. In another trial 5 per cent of rosin 
was introduced with improvement in the odor of the soap base. 

The milled and perfumed soap was kept under observation and it 
was noted that some perfumes were affected by the Talgol odor. A 
person with a keen sense of smell would immediately detect the 
presence of Talgol. Tests were conducted with a number of perfumes* 
including hyacinth, lilac, rose, pathouly and violet, each cake being 
separately wrapped in parchment paper. It was found that the two 
first-mentioned perfumes were more sensitive to the presence of Tal- 
gol smell and gave a momentary impression that the soap had become 

* Schaal gives a number of perfume formula? for hydrogenated oil soaps in 
Seifen. Ztg. (1912), 979. 



U8KS OF HYDROGENATED OILS 


365 


rancid; the rose was slightly affected while the other samples were 
not noticeably changed. Schaal reaches the conclusion that the 
highest grade of toilet soap perfumed with delicate essential oils is 
affected by the use of Talgol or Candelite and that these hardened 
oils will not find an application here. Such soaps are, however, sold 
only to very fastidious trade and require in any case perfumes of the 
very highest grade. On the other hand, in manufacturing ordinary 
grades of toilet soap which are, of course, made in enormous quan- 
tities, up to about 35 per cent of Talgol or Candelite may be employed 
advantageously in the fat stock. As regards solubility in water and 
free lathering properties, Schaal found Talgol or Candelite to afford 
satisfactory results, the soaps which he prepared forming a lather 
immediately which was thick and voluminous, acting in fact like any 
standard soap. It is reported that the Olwerke Germania has been 
successful in producing a completely odorless product at a somewhat 
higher cost. If such a deodorized product can be put out at reason- 
al)lc price, it will be possible to make toilet soaps of the highest grade 
with hardened fats derived from relatively cheap oils. 

Of Talgol, Schaal notes that the fat is readily deprived of its glycer- 
ine and especially well by the Krebitz process,* and soaps made from 
this stock are prime products. 

Schaal states that so long as these hardened fats are not entirely 
odorless, as indicated they cannot be advanced for the manufacture 
of soap stock of the first class. For these, the best beef tallow, etc., 
must remain the raw material, for this class demands the best that the 
soap industry can produce. Talgol is therefore considered suitable 
only for working up into soap stock of second and third grade. In 
these soaps the price of raw material plays a considerable role, and 
thus Talgol proves an advantageous substitute for tallow. Pure Tal- 
gol soap has too little lathering power and as its odor is also objection- 
able it is not advisable to allow the addition of Talgol to rise above 
40 per cent. The lathering power will be considerably better if 10 per 
cent of palm kernel or cocoanut oil is worked in and the solubility of 
the soap is also much increased. If, however, 60 per cent of other fats 
are present, bad lathering is prevented, and the product meets the re- 
quirements of the trade. The yield of pure salted soap on the average 
is 165 per cent. 

The following are some recipes given by Schaal for soap stock of two 
grades. 

* The Krebitz process is recommended for the treatment of hardened fats in the 
manufacture of toilet soaps. (Seifen. Ztg., 1914, 391.) 
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( 1 ) 


Second Grade 


Soap Stockf 
30 parts Talgol extra; 

40 parts beef tallow; 

15 parts peanut or corn oil; 

15 parts cocoanut oil. 


(2) 40 parts Talgol extra; 

25 parts beef tallow; 

20 parts peanut or corn oil; 
15 parts cocoanut oil. 


Soap Stock, Third Grade 


(1) 40 parts Talgol extra; 

15 parts beef tallow; 

30 parts oleomargarine waste, 
bone fat, hide fat, etc. ; 

10 parts palm kernel oil or 
cocoanut oil; 

5 parts rosin. 


(2) 40 parts Talgol extra; 

30 parts oleomargarine waste, 
bone fat, hide fat, etc. ; 

20 parts bleached palm oil; 

6 parts cocoanut oil; 

4 parts rosin. 


It may be noted that with each increase in the amount of Talgol, 
a similar increase in the amount of softer fats is demanded. Talgol 
extra is a rather hard fat and easily permits a considerable addition 
of fluid fats, producing a pliable plastic soap base which can be easily 
milled. Talgol like tallow is saponifiable with some difficulty and 
for the complete combination of it with alkali, boiling for a number of 
hours is required. The boil must be conducted with weak lyes of 
15 to 20 degrees in order to get a good combination of fat and lye. 
With respect to the odor of the soap it is an advantage if the reaction 
between the fat and lye is extended over as long a period as possible, 
since the odor of Talgol thus almost completely disappears. When 
possible the Talgol material should be well blown with steam in the 
kettles, as by this treatment the odor is almost completely removed. 

The resulting soap base displays absolutely no difference from that 
of a straight tallow stock, and works up on the machines exactly as 
a soap from beef tallow; indeed it may be said that milled soap from 
Talgol has a finer, cleaner and whiter look than that made without 
it. The odor may be permanently concealed in finishing the soap 
by means of appropriate perfumes. 

The tests made by Schaal of Talgol as a constituent of cold process 
soaps led to the conclusion that it only has value in combination with 
cocoanut oil. The saponification of Talgol may be accomplished 
with strong tepid lyes if the following conditions are observed. First 
the temperature of the fat at the moment of contact with the lye 
must be at least 50® C. and on cold days about 55° C. It is desirable 
to warm the lye to 25° to 30° C. before incorporating. It often 
happens on mixing that the whole mass suddenly solidifies so that the 
mixture .must be warmed to liquefy. Even when the temperature 
of tl^ is higgler than the figures given, solidification takes place 
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on running in the cold lye, or at least small lumps are formed. The 
union of the fat and lye takes place very quickly; the mass becomes 
solid in a short time and can be framed. On this account the frames 
must be ready at hand. In the frames a rather strong reaction sets 
in, and heat is generated. The frames should be well covered to 
take advantage of this rise in temperature. The finished soap is very 
hard and almost brittle in character and on this account must be cut 
while fresh. It has a fine white color, but is not transparent. The 
odor is not unpleasant, and varies with the fat used; it can be com- 
pletely covered by oil of citronclla or lavender. Artificial oil of bitter 
almonds is less adapted to permanently cover the Talgol odor. 

The following is a useful formula: 

25 |)art8 Talgol, 

25 parts Ceylon eocoanut oil, 

5 parts castor oil, 

28 parts caustic soda lye, 37® Be. 

The mixture of fats at a temperature of 45° to 50° C. is stirred well 
with the lye, which need not be warmed. In about one-half hour 
reaction is under way and the product should at once be framed. If 
delayed longer, the mass becomes almost in a moment solid and must 
be warmed to soften. This is unnecessary if the frames are ready at 
hand as above cautioned. This «oap heats up strongly in the frames 
and on cooling is plastic with a somewhat transparent look. It 
lathers freely like a shaving soap and when properly perfumed is an 
excellent product. Such a soap is well adapted for pressing, which 
gives it a fine solid appearance. 

For eocoanut oil soaps which are to be filled, 25 per cent of Talgol 
is recommended. Such soaps cut and press well and have a good 
solid feel. The batch should be maintained at a temperature of 
40° C. when stirring, lest the soap get too solid before the filling is 
worked in. If this temperature is maintained no trouble need be 
feared with the lye or the filling. In weighing off the oil it is to be 
noted that the eocoanut oil should be first introduced and then the 
Talgol. Otherwise the latter sticks to the side of the kettle and the 
entire mixture then has to be made hotter than is necessary. 75 per 
cent of filling can be incorporated with 25 per cent of Talgol, giving 
a yield of 225 per cent without danger that the filling will settle out 
or fail to be held up. The soap is moulded as soon as thick and the 
moulds left covered for two hours. The cooled soap is hard and 
tenacious but still may be readily pressed. For filling, any desired 
solution of salt, potash and sugar in water may be employed. 
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The following is an appropriatti recipe for a soap of this class: 


22 i kilos Ceylorr cocoanut oil, 

7^ kilos Talgpl,. 

16 J kilos caustic soda lye, 37® Be., 
22 ^ kilos filling solution. 


perfumed with 200 grams of oil of citronella or 200 grams of lavender 
or 100 grams of each oil. # * 

For soaps with more than 75 per cent filling and yields of 250 per 
cent and over it is best to conduct the process in the warm way. 

A cold process shaving soap made from 80 per cent Talgol extra 
and 20 per cent cocoanut oil exhibited satisfactory lathering prop- 
erties, but in spite of strong perfuming the Talgol odor eventually 
reappeared, especially at the surface of the cakes.* 

In a discussion of available substitutes for palm kernel oil f it is 
stated that hardened fish or whale oil such as Talgol cannot be used 
as a substitute for palm kernel oil. The peculiar musty odor of Tal- 
gol, which to be sure no longer resembles that of the original oil, is, 
however, decidedly penetrating. Several grades of soap made with 
Talgol and Crutolein yielded a soap of too pronounced an odor to be 
marketable. Soap containing these hardened products was made into 
a soap powder and although the percentage of the hardened fat in 
this product was low, its presence was still detectable by the odor. 
It is, however, stated that if means can be found for the removal of 
this characteristic odor, the situation as regards the general utility of 
these hardened fats will be entirely altered.! 


♦ Weber, Seifen. Ztg. (1913), 421. 

t Seifen. Ztg. (1913), 312. 

X Neither tallow, palm kernel or cocoanut oil can be completely substituted in 
soap making by hardened fish or whale oil, but the latter may be used to advantage 
as an addition fat in laundry soaps. (Seifenfabrikant (1913), 30; Zeitsch. f. ang. 
Chem. (1913), 310.) 

Leimdorfer (Seifen, Ztg. (1913), 284 and 310) treats of hardened fats with special 
reference to the soap industry. 

The addition of hardened oil to other soap stocks is advantageous for lowering 
costs and gives a satisfactory product when not used to excess. When caustic 
potash is used for saponifying a mixture of 65 per cent cottonseed oil and 36 per cent 
Candelite the soap does not grain but remains clear. (Seifenfabr., 33 , 30.) 

Hardened oils have faced several problems. The technician at first looked upon 
them with distrust. The peculiar odor of these fats has caused considerable criti- 
cism and their surprisingly white color has been looked upon as unnatural. The soap 
produced with this stock has a characteristic structure and its appearance changes 
somewhat. in storage. The distrust evidenced toward hydrogenated fat is shown, 
however, ^ be unjustified. » 
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Hardened oils when used in soaps * in the proportion of 50 to 80 per 
cent give products which arc very hard, dissolve with difficulty and 
do not lather readily. The saponification is also said to be somewhat 
slower than with ordinary soap fats. When about 30 per cent of 
hardened oil is used the soap is satisfactory. 

Semi-boiled soaps were made as follows: 

(1) 50 parts each of cocoanut oil and hardened oil were saponified 
at 80° C. with 38 degree caustic soda lye. The lye was stirred into 
the hot oil mixture and the kettle kept covered until a well saponified 
product was obtained. A little alkali was added to show a faint excess 
alkali by phenol phthalein. After short standing the soap was framed 
and cooled. It had a fine white color, but possessed a sharp odor 
(which however can be diminished or removed by boiling). The 
lathering qualities appeared less pronounced than was the case with 
a soap made from J tallow and | cocoanut oil. The hardened oil 
soap dissolved more slowly in water. f 

(2) 80 per cent hardened oil and 20 per cent cocoanut oil saponified 
in the same way was very hard and white but showed no lathering 
properties. The odor was slightly rancid. 

(3) 30 per cent hardened oil, 25 per cent peanut oil, 30 per cent 
cocoanut oil and 15 per cent rosin showed a rate of saponification 
which was normal; the soap was yellowish, the odor and solubility 
satisfactory, but the lathering properties were not quite as good as 
normal soap. 

The conclusion reached with the hardened oils tested was that very 
hard soaps could be produced which would show great economy in 
use, that they gave a poorer lather, that thore was some odor over 
and above that resulting in use of tallow, and that the saponification 
was slightly slower.}: Hardened oils were also found to give dark 

An example of a satisfactory soap base for toilet soaps is given in the following 
formula. parts cocoanut oil, 

45 parts tallow oil, 

40 parts Talgol, 

and suggestions are made for the manijfacture of laundry soaps, white-grained 
soaps, cold process soaps, transparent glycerine soaps, soap powder, etc. The 
hardened fat is not suitable for the production of transparent soft soaps or natural 
grain soaps. (Seifenfabrikant (1912), 1229, 1257.) 

* Seifen. Ztg. (1912), 660. 

t Weber (Seifen. Ztg. (1913), 421) gives a somewhat complicated procedure for 
makihg soap base with hardened oils of the Talgol type. 

X Leimdorfer (J. S. C. L, 1914, 206) states that the speed of saponification of 
hydrogenated fats is greater than the analogous natural fat (tallow) under similar 
conditions. 
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fatty acids by the Twitchell proc(\ss and odor of the fatty acids was 
not regarded as entirely satisfactory. 

A procedure for making milled soap base from hardened oil * in- 
volves the formula: 

1200 pounds Talgol extra, 

1200 pounds beef tallow, 

600 pounds Ceylon coeoanut oil. 

The tallow first was placed in the kettle and saponified with 20 
degree caustic soda lye somewhat diluted with water. A little salt 
was added at the beginning of the boiling to prevent lumpiness. The 
Talgol extra was then added and saponified. This addition gave the 
stock a different odor which, however, diminished as the operation 
progressed and the final product possessed the desired odor of good 
neutral soap. After slow boiling for several hours the stock was 
allowed to stand over night after it had been ascertained that a 
sufficient excess of alkali was present. Subsequently the soap was 
salted out with 24 degree brine, and after settling the spent lye was 
replaced with 8 degree caustic soda lye. Slow boiling was continued 
for several hours to complete the saponification and improve the odor. 
After settling over night the lye was removed and the coeoanut oil, 
with the required amount of 30 degree caustic soda lye, was introduced. 
Less caustic soda was needed than the calculated amount for the cocoa- 
nut oil employed as the saponified stock contained some entrained 
lye. A small quantity of weak brine was added and boiling continued 
for several hours. Strong brine was then introduced to salt out the 
saponified product. After standing 36 hours the stock was withdrawn, 
solidified in cooling apparatus and subsequently dried. A relatively 
low temperature was used in drying yet no difficulty was experienced 
in securing a rapid removal of the moisture. The addition of hydro- 
genated oil to soft fats prevents adhesion of the resulting soap in the 
drying apparatus. 

The soap base machined perfectly and yielded a first-class finished 
product. Samples of the soap were stored for several months and 
then given to unbiased persons for criticism without informing these 
judges that hydrogenated oil had been used in the make-up of the 
soap. All united in declaring the product an excellent one and 
the freshness of the perfume was noted. The lather exhibited by the 
milled soap was of a good stiff consistency and quite lasting, resembling 
that afforded by a shaving soap. 

On examination, the glycerine-containing lyes derived in the fore- 
. • Seifen. Ztg. (1913), 334 and 368. 
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going method of saponification were found to resemble those obtained 
when beef tallow was used without additions of the hydrogenated 
fat. 

Garth * states that a grained soap having a desirable hard feel may 
be obtained by the use of Talgol, as has been proven by practical 
experience. Also a larger yield is obtained, and since the Talgol 
products are cheaper than tallow itself, a double advantage is secured. 
The hydrogenated fat finds application not only in textile and laundry 
soaps but also in soap base intended for toilet soap manufacture. 
By itself Talgol is seldom used. In the case of laundry soap 25 to 
30 per cent of rosin should be employed. As to shaving and trans- 
parent glycerine soaps, sec Seifen. Ztg. (1913), 954. Too large an 
addition of the Talgol to grained soap causes the framed soap to check 
badly on standing. 

Bergo t criticizes hardened oil from the point of view of soap making, 
stating that only a very moderate percentage of the hardened oil in 
conjunction with other oils and fats can be used, otherwise the lather- 
ing quality of the soap is seriously influenced. The somewhat musty 
odor which soaps containing 30 per cent or more hardened oil show, 
may be diminished or eliminated through long boiling, or by repeated 
washing, or by the addition of a suitable perfuming agent; but long 
boiling, as well as repeated salting out or covering the odor with per- 
fumes, is costly. Another objection, namely, that soaps made with 
additions of hardened oil lose in lathering quality, is a more important 
consideration than the odor. The consumer looks upon good solu- 
bility and strong lathering properties as essential in soaps. Bergo 
thinks if success is not attained in removing this objectionable feature, 
the application of hydrogenated oils in the soap industry will remain 
very limited. 

A further obstacle on a large scale is the color of the product ob- 
tained by autoclave saponification. Hardened oil, which as a neutral 
fat shows a beautiful white color, gives fatty acids which in spite of 
all possible precautions in the autoclave treatment and even with the 
use of bleaching material, such as decrolin and the like, appear of a 
yellow color and in consequence are not suitable for white soaps. If, 
he states, we do not saponify these oils for fatty acids, but process 
them as neutral fats and saponify with caustic alkali, then the differ- 
ence in price as compared with other available fats and oils is so far 
reduced that it is a question whether the soap manufacturer will use 
such artificially hardened oils and thereby reduce the quality of the 

♦ Seifen. Ztg. (1912), 1279. 

t Seifen. Ztg. (1912), 1333. 
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soap. The hopes of the soap maker have been based on the supposition 
that a fat which would be a substitute in the manufacture of white 
grain soaps would be found, because the fats and oils now available 
for making white soaps are very few; while for yellow soaps a whole 
series of fats are obtainable and these Bergo regards as practically 
no more costly than hardened oil costs to-day. Hence he thinks these 
new raw materials offer no advantage for the soap industry in Ger- 
many on account of their price and defects mentioned.* 

In contrast to the views of Bergo, a writer in Seifen. Ztg. (1912), 101, 
refers to the comment that hydrogenated fish oil gives dark unsightly 
soaps which do not show good lathering properties, and asserts that 
hardened animal and vegetable oils after careful boiling give soaps 
which not only arc harder than those from the original oil, but are 
essentially whiter. If dark soaps have been produced, one perhaps 
can explain the failure on the ground that nickel soaps were present 
in the hardened oil and through sulfur compounds in the lye were 
converted into sulfide of nickel. The lack of lathering qualities 
of soap made from hardened fish or whale oil he contends is a per- 
fectly natural result. Hardened fish oil finds its analogue in tallow. 
Pure tallow soaps are only indifferently soluble and lather poorly; 
hence this condition is to be expected in hardened fish oil. 

Among a large collection of samples of soaps made from various 
hardened oils, including many marine animal oils, some were found 
to have a disagreeable odor like oil which has been distilled. This 
penetrating odor, which in distillation plants arises through partial 
decomposition of fatty bodies, is regarded as due to acrolein and is 
not a necessary consequence of hydrogenation, but is simply a result 
of over-heating the oil at some time during operation. In carrying 
out the process technically, too high a temperature should be avoided, 
thus eliminating the disagreeable odor and producing a hardened oil 
from which soap of high quality may be prepared. By the addition 
to hardened fish or vegetable oil of other fatty material, such as palm 

* It should be remembered that in Germany the Leprince and Siveke Patent 
141,029 is generally regarded as controlling, and is in strong hands. In consequence 
the criticism of hardened oil products by professional circles has been perhaps unduly 
severe, if not in part unwarranted. 

Haleco (Seifen. Ztg. (1913), 16) feels that the stand taken by Bergo is unwar- 
ranted, because although the hardening of oils on a large scale has been in practical 
operation for only a short period, yet in that time there has been a very considerable 
demand for tfie hardened material, which demand is daily increasing in the soap 
industry and other fields. To-day soaps of various qualities, including fine toilet 
Boaps, are being made with a considerable proportion of hardened oil which shows 
that new material offers advantages. 
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kernel or cocoanut oil and rosin, a quick lathering soap may be pre- 
pared whicli satisfies all requirements. 

Hauser * is of tlie view that the application of hardened oils in soap 
making is for the time considerably limited. It is not impossible 
that a considerable simplification of the apparatus will enable the soap 
manufacturers to make use of it more extensively. The more impor- 
tant applications, to Hauser, appear to be in the stearin and edible fat 
industry. He regards the soaps made from hardened fat as lacking 
in satisfactory texture and emulsifying properties, as not exhibiting 
the best of keeping qualities and in storage sometimes even develop- 
ing an undesirable odor. Then, too, he considers the yield of glycer- 
ine to be unfavorably affected by hydrogenation and the fatty acids 
of hardened oil to be darker than those of the normal oil. In a modern 
soap esta))lishmcnt it is recommended that cheap, low-grade fat stock 
be the raw material, which, after purification, is split and the result- 
ing fatty acids are distilled after hardening by treatment with sulfuric 
acid. In this way with great simplicity and certainty, according to 
Hauser, fractions of any desired titer may be obtained for various 
soap compositions without the occurrence of undesirable side reac- 
tions which he apparently thinks arc unavoidable in hydrogenation 
processes, t 

In the stearin industry the oil may be hardened and then saponified, 
or the glycerine first may be removed and the fatty acids hardened. 
It no longer becomes necessary to employ complicated pressing oper- 
ations to separate stearin from olein as the stearin may be di- 

* Sciftm. Ztg. (1913), 141. 

t Favorable comment of the Germania Oelwerke products is made by “R. D.’’ 
(Scifen. Ztg. (1912), 517) who estates that these hardened oils have many technical 
uses. In soap making they are used to advantage and give a good product. Talgol 
and Talgol extra are used as entire substitutes for tallow. Talgol is best for common 
household soaps, Talgol extra for toilet soaps. Gandelite and Candelite extra on 
account of high melting point find advantageous application in the stearin and 
candle industry. He considers the odor of the hardened oils as slight and unob- 
jectionable. The color is gray-yellow. Soaps made from these correspond to the 
trade requirements. Toilet soaps have a pure white color and do not darken or 
discolor on standing, and the perfume remains intact. Lowor-grade soaps possess 
a satisfactory appearance, lather well and are sufficiently firm and the odor is satis- 
factory. 

Considering the application of hardened fat in soap making Schuck (Soap 
Gazette and Perfumer, 1914, 55) states that on account of the high titer of the fat 
it is not advisable, in fact well nigh impossible, to make a settled soap (without 
rosin) from the hydrogenated product alone. Such a soap would be too brittle, 
would crack and would not lather at all. 

Train oil (hardened) as a competitor of tallow is considered in Soap Gazette and 
Perfumer, 1913, 222. See also article by Heller, ibid., 1913, 263. 
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rectly obtained. Tlui products to which he refers have the following 
constants : 


Iodine number. . 
Melting point. . 
Saponification value. . 
Unsaponifiable 
Glycerine content 


Talc<.l 

Talgol extra 

Carulelite 

Candelite 



extra 

G.5-70 

45-57) 

15-20 

5-10 

35-37" C. 

42-45" C. 

48-50° C. 

50-52 

192 

192 

192 

192 

under 1% 

under 1% 

under 1% 

under 1% 

9-10% 

9-10 

9-10 

9-10 


A polemical article ])y Ribot* denounces the proposal to use har- 
dened fish or whale oil, no matter how well refined, in the best grade 
of toilet soaps. Furthermore he does not consider such hardened 
oils to be substitute fats for tallow or palm kernel oil, but rather that 
the former may be employed as addition or filling-in fat stock. 20 to 
25 per cent may be added to a cheap toilet soap base without detri- 
ment; 30 per cent or even 40 per cent may be employed in laundry 
soaps. In white soft soaps 40 to 50 per cent of (Tutolin may be used.f 
Schaall apparently is in agreement with Ribot that for the highest 
grade of toilet soap base, tallow should not be materially reduced or 
displaced by Talgol, but maintains that a soap base may be prepared 
with 35 to 40 per cent of Talgol which yields a handsome milled soap 
permanent in quality and suffering no eventual change in color. He 
also asserts that for ordinary toilet soap base Talgol is in no sense an 
addition or filling-in fat, but is a real substitute for tallow, and that 
the same is true of Talgol extra and Candelite respectively for shaving 
soaps and glycerine transparent soaps; further that the hydrogen- 
ation process is an important and fruitful discovery for the soap 
industry, especially for toilet soap manufacture. 

In “Eschweger’' soaps tallow may be completely replaced by Tal- 
gol, § which produces a firmer soap; the yield is good and the odor 
satisfactory and no objection has been raised to its lathering qualities. 

* Seifen. Ztg. (1913), 142. 

t In response to Ribot an article appeared in Seifensieder Zeitung (1913), 173, 
by Schaal in which the latter makes clear that he did not propose hydrogenated 
fish or whale oil of the Talgol type for making the very highest grade of soap base; 
he recommends such fats particularly for toilet soaps of medium quality. Schaal 
also states that he has never recommended complete substitution of tallow by Talgol 
fat in the hipest grade of toilet soap base and calls attention to the formula) which 
he has published in the past in which a substantial amount of tallow is specified. 

t Seifen. Ztg. (1913), 173. 

Ztff. ri912L 1230. 
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Two formulae are given for filled Eschweger soap according to which 
a firm marbled product is obtained.* 

Transparent glycerine soaps may be prepared by the use of a hard 
variety of hardened oil, Candelite being especially suitable, and with 
this material a soap of very satisfactory transparent appearance and 
firm consistency may be prepared without using more than a normal 
amount of alcohol. The following arc suitable formulas for the prep- 
aration of such soaps: 


Cheap Crude 

90 kilos C-andclito. 

90 kilos Ceylon cocoanut oil. 

84 kilos castor oil. 

144 kilos caustic soda lye, 38® B6. 

90 kilos sugar dissolved in an equal weight of water. 

100 kilos soap filling. 

30 kilos soda crystals. 

Alcohol q.s. 

The soap filling consists of 100 parts salt, 140 parts potash, 40 parts 
sugar and sufficient water to produce a solution of 21° B6. 

Belter Grade 

90 kilos Candelite. 

120 kilos Ceylon cocoanut oil. 

90 kilos castor oil. 

166 kilos caustic soda lye, 38® B4. 

100 kilos sugar dissolved in 75 kilos of water. 

40 kilos soap filling. 

10 kilos glycerine. 

Alcohol q.s. 

The Candelite should first be melted, the cocoanut oil then added 
and finally the castor oil introduced. Saponification is carried out 
by the self-heating method, it being desirable to allow the saponified 
mass to stand an hour or so in order to assure a complete union of the 

* “Eschweger” is a marbled soap, made by saponifying tallow and soft fats 
together with about one-third of their weight, or more, of cocoanut oil. The quan- 
tity of lye is gauged so as to have the soap very nearly neutral at the end of the 
operation, as there is no separation of waste lye. All that goes into the kettle also 
goes into the soap except of course water removed by evaporation. Owing to 
the properties of cocoanut oil, such soap, in absorbing a considerable amount of 
salt solution, becomes of a peculiar consistency, while hot, and crystallization ensues 
with the formation of “marble” or “mottle” on cooling in the frame. At the same 
time the soap holds much more water than one which has been mottled by boiling 
down a soap made entirely of soft fats. 
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ingredients. Then the sugar solution and filling are added. By 
proceeding in this manner a clear product is obtained which does not 
subsequently darken in storage. The amount of alcohol is usually 
about 3 to 4 per cent, calculated on the soap material. For the better 
quality a very satisfactory perfuming composition is obtained by 
mixing equal parts of palma rosa ” oil and artificial geranium oil 
using 1500 grams to the formula given above. For the cheaper grade 
of soap a good perfuming agent consists of a mixture of equal parts of 
Java citronella oil and benzyl acetate. 2000 grams of this mixture 
should be used for the amount of material specified in the formula 
first above given.* 

Hardened oil is advantageously used in shaving soaps according 
to Schaal.f A formula given by him is the following: 

50 kilos Talgol extra. 

10 kilos Ceylon cocoanut oil. 

10 kilos lard. 

20 kilos caustic soda lye, .38° B4. 

21 kilos caustic potash lye, 37° B4. 

The mixing takes place at a temperature of 52° C. The lyes are 
first mixed and then added in a thin even stream, stirring well mean- 
while in order to quickly get a thorough incorporation. After J to f 
hour the batch stirs thickly and should be promptly framed. The 
mass heats strongly in the frames and to take advantage of this the 
frames should be covered with bagging. By such treatment a section 
of the soap will show a uniform texture from center to edge. 

If it is preferred to prepare this soap by the warm process, it is 
necessary to add 5 kilos of potash solution of 12° B6. to the caustic 
lyes and to prolong the stirring until the mass has the proper body; 
the kettle is then well covered and its contents given time to react. 
After 2 to 3 hours spontaneous heating will have set in. The kettle 
is again opened, the contents well crutched, until uniform, and at the 
same time perfume can be worked in. The soap is now" ready for 
framing, but the frames need not be covered. The potash solution 
is added to keep the soap sufficiently fluid to permit of crutching. 
Without this addition the soap would be so solid and tenacious that 
the crutch could scarcely operate. The finished soap has a flawless 
appearance, is almost white, fairly solid and handles well in cutting 
and packing. . 

* Schaal, Seifen. Ztg. (1912), 955. 

t Seifen. Ztg. (1912), 954, and Die Moderne Toiletteseifen-Fabrikation. 
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A perfume composition which may be employed in this soap con- 
sists of the following: 

200 granis oil of rosemary. 

200 grams oil of bitter almonds (artificial). 

150 grams oil of lavender. 

75 grama oil of thyme (white). 

100 grams oil of sassafras. 

25 grams oil of wintergrecn (artificial). 

The odor and lathering properties of soaps made from hydrogen- 
ated oil are discussed by Garth * who considers the characteristic 
odor of hardened oils of the Talgol type to be in nowise disagree- 
able. In laundry soaps the aromatic odor of the rosin overcomes the 
Talgol smell. In making toilet soaps one has to take greater care 
that the Talgol addition is well gauged as otherwise the proportion 
of the customary perfuming agents has to be varied. With regard 
to the diminution of the lathering power he states that soaps from 
pure Talgol have almost no lather, and in this connection refers to 
the interesting work of Krafft and other investigators who have shown 
that the detergent action of soap is dependent upon the nature of the 
fatty acid, and that there exists an important difference in operation 
between stearin and olein soaps. Soaps from palmitin or stearin 
at common temperature are unworkable and develop their detergent 
or emuision-forming properties only when a temperature is reached 
which is approximately that of the melting point of their fatty acids. 
On the other hand the olein soaps are soluble at ordinary temper- 
atures thus exerting detergent action at low temperatures, but at a 
temperature of about 80° C. they lose their emulsion-forming qualities. 
Thus it will be seen why soaps made from pure tallow, or hardened 
fat, exert a very slight detergent action at ordinary temperature. In 
working with hardened fat the soap expert should take cognizance 
of the manner in which the soap is to be used and employ such mate- 
rials as give the desired detergent property under these conditions. 

With 30 to 35 per cent of hydrogenated oil of the Talgol type, 
Weber f has made a satisfactory soap base holding its perfume well, 
and although prepared without special manipulation did not, after 
standing for half a year, show the hardened oil odor when broken. 
This interval of time is sufficient to determine with certainty whether 
or not the characteristic odor can be permanently suppressed. 

The fatty acids of hydrogenated oil have been examined by Luksck X 

* Seifen. Ztg. (1912), 1309. 
t Seifen. Ztg. (1913), 421. 
t Seifen. Ztg. (1912), 718 and 742. 
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with reference to their applicability as candle material. A product 
having a titer of about 60 was observed to have a greasy feel, to be of 
amorphous texture and to be lacking in ring and transparency. So 
far as the samples examined by Luksch are concerned the product does 
not appear to be suitable as a candle material without considerable 
compounding.* 

In saponifying for fatty acids it is not advisable to run above 92 per 
cent, as otherwise the fatty acids arc likely to be dark and the result- 
ing soap off color. When hydrogenated fish oil has been split the fatty 
acids are saponified in the customary way by carbonated alkali. 
In finishing, the soap should not be too thin; otherwise, in spite of 
the high melting point of the hardened fat, the soap will be soft. 
The soap should be separated only with an excess of lye. It separates 
rather badly and should be allowed to stand two or three days in the 
kettle in order to harden. A soap made from Talgol with 30 per cent 
of rosin is of fair appearance, lacking, however, the transparency of 
soap prepared with a large content of palm kernel oil. While the color 
is good, there is a noticeable dullness of surface. After drying and 
pressing it acquires a satisfactory glossy finish. While a soap made 
only from hardened fish or whale oil has practically no lathering prop- 
erties, the addition of 30 per cent of rosin greatly improves this defect 
and very good lathering properties result.f 

* Even if it were possible, “J. G.’’ states (Seifen. Ztg. (1912), 1146), to split the 
fat completely on a commercial scale, the color of the fatty acids excludes the direct 
api)lication of the product in candle manufacture. He even claims that it is neces- 
sary to subject the saponified product cither to distillation or to pressing, and that 
in the latter case the poor crystallization of the fatty acids gives rise to difficulties. 
But he adds that the ordinary stearin candle is made up largely of a mixture of 
palmitic and stearic acid in which a certain ratio between the two fatty acids must 
exist to maintain the quality of the candle. Hence in judging hardened fat with 
reference to its application as a candle material, the composition of the original 
fat is not unimportant, for useful mixtures may well be obtained through careful 
selection of the raw materials. In those cases where the nature of the chemical 
individuals derived by hydrogenation have not been entirely made clear, as in the 
case of fish and whale oil, further practical investigations will be necessary to show 
whether or not hydrogenation will afford a generally useful product in candle manu- 
facture. 

t Seifen. Ztg. (1912), 870. 

A few years hence when oil hydrogenation has found its measure and the more 
important points concerning it have reached definite settlement, the allotment of 
space to a number of the discussions appearing in this chapter hardly would be 
warranted, but at the present time when many are desirous of having at hand a 
review which comprises all or nearly all the published work to date, containing 
though it does a considerable divergency of opinion, there appears ample justification 
foi* th^pclusion of such discussions as those given above. 



USF.S OF HYDROGENATED OILS 


379 


A tallow-like product which has been brought into the market as 
“ Talgit is prepared by hydrogenating fish or whale oil. Muller 
has examined this product and has reported the acid number as 12.8 
and the iodine number as 49. The fatty acids exhibited a titer of 
39.4° C. When Muller attempted to saponify the fat by the Twitched 
process, dark colored fatty acids were produced, caused, it is supposed, 
by oxidation during saponification. Muller observes that copper, 
iron and lead tend to cause a discoloration of fat which is treated by 
the Twitchell process, and he concludes that the traces of nickel which 
were present in Talgit acted in a similar manner. When he subjected 
the fat to cleavage iiy the autoclave process very light colored fatty 
acids were obtained. A jiressure of 10 to 11 atmospheres was main- 
tained in the autoclave for a period of 8 hours and the resulting fatty 
acids were found to contain about 2.5 per cent of unsaponified fat. 
The following results were ol^tained from an examination of the fatty 


acids ; 

Aciid nunibor of the fatty acids 194 0 

Saponidcation value of the fatty acids 198.0 

Titer . 39.2“ C. 

Acid number of the liquid fatty acids 18G.3 

Saponification values of the liquid fatty acids 191 .2 

Iodine number of the liquid fatty acids . 100.0 

Titer of the liquid fatty acids 14 . 3“ C. 

Titer of the solid fatty acids 48 . 7® C. 


The fatty products of the saponification pressed very readily and 
about 35 per cent of solid fatty acids were obtained whose low titer 
(48.7° C.) indicates, according to Muller, that fatty acids in addition 
to or other than stearic and palmitic acids are present, for the solidify- 
ing point of mixtures of palmitic and stearic acids is above 53.5° C. 
The presence of iso-oleic acid which causes a lowering of the titer of 
stearic acid obtained by distillation is not to be expected in this case, 
but Muller has not further investigated the acid mixture to identify 
any of its components. As the fatty acids pressed satisfactorily, 
Muller concludes that the stearic acid was technically pure, hence the 
low titer cannot be ascribed to the presence of undue amounts of 
liquid fatty acids. The expressed fatty acids, or oleic acid, obtained 
as stated above, exhibited a straw yellow color and showed the char- 
acteristic odor of hardened fish or whale oil. Muller states that for 
many purposes the iodine number of these liquid fatty acids is too 
high. He concludes that so far as this product is concerned the hydro- 
genation of the unsaturated fatty acids does not proceed successively 

♦ Seifen. Ztg. (1913), 1376. 
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80 as to convert all of the unsaturatcd bodies having two or more 
double bonds into bodies having only one double bond before the 
latter bodies are hydrogenated, or in other words that linoleic and 
linolenic acids are not all converted into oleic acid before stearic 
acid forms, but instead of this that reduction takes place throughout, 
so that all types of unsaturated compounds are more or less reduced 
simultaneously. This observation is of interest because, as Mtillcr 
notes, the presence of highly-unsaturated bodies of the nature of dry- 
ing oils in such products is often undesirable. 

Muller prepared soap from Talgit and found it to have little or no 
detergent and lathering properties which he notes is to be expected 
with fats of this titer, and in consequence of these properties, prod- 
ucts of the nature of Talgit cannot be used as the essential fat mate- 
rial, but should be used only as additions to the main fat stock. 

Commenting on the observation of Muller regarding the i)roperties of Talgit, 
Dubovitz (Seifen. Ztg. (1913), 1445) notes that the investigation of the fatty acids 
of hardened fish oil indicate^s that there is present an acid whose molecular weight 
is less than that of palmitic acid. Also it is stated that it is possible to obtain stearic 
acid or stearin having a titer of 53 to 55 degrees from strongly hardened fish oil 
simply by pressing. 

Muller (Seifen. Ztg. (1914), 8) discu.sses the comments of Dubovitz and i)oints 
out that mixtures of two saturated fatty acids crystallize well from the stc^arin 
manufacturer’s point of view, while mixtures of three or more fatty acids as a rule 
produce an amorphous mass. 

The contention of Dubovitz that the low titer of stearin can be explainc'd by 
the presence of saturated fatty acids with less than 16 carbon atoms in the molecule 
and derived from the corresponding unsaturated compounds by hydrogenation 
rests on the assumption of the existence of just such unsaturated fatty acids, or 
their glycerides, in fish oils. Proof of this is said to be lacking up to the present. 
Even the presence of hypogcic and physetoleic acids in these oils is still doubt(‘d. 
It is held that the low titer of the stearin in question was due to the presence of 
unsaturated fatty acids. (Seifen. Ztg. (1914), 33.) 

In discussing the distillation of fatty acids, Hajek* states that 
some difficulties are encountered when working up hydrogenated oils 
•to produce fatty acids. He states that all fats which are treated when 
hot with air or other gases for a considerable length of time, after auto- 
clave saponification, yield dark colored fatty acids and that this dis- 
coloration is due to a chemical change which takes place in coloring 
agents present, similar in character to that which occurs in the distil- 
lation of fatty acids at elevated temperatures, or with an insufficient 
proportion of superheated steam.f 

* Seifen. Ztg. (1913), 445. 

t The idea which has been entertained that hardened triglycerides could be directly 
used t&t caudle material is out of question, as no one would care to inhale the vanors 
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Norrnann has made candles with stock obtained from hardened fish 
or whale oil which burned brightly and without odor, similar to the 
best grade of stearin candles.* 

The properties of hardened castor oil have been noted by Garth.f 
As is generally known, castor oil differs in many respects from other 
common oils in such respects as its high viscosity, solubility in alcohol 
and difficulty of salting out its soaps by electrolytes. The constants 
of one sample examined by Garth are as follows: 


Acid number 3.5 

Saponification number 183 . 5 

Iodine number 4.8 

Acetyl number 153.5 

Acetyl number of the fatty acids 143. 1 

Acid number of the fatty acids 184 5 

Saponification number of the fatty acids 187.9 

Melting point of the fat . . G8° C. 

Melting point of the fatty acids. . . 70° C. 

Melting point of the acetylatcul acids . 47° C. 


These results indicate that the saponification and acetyl number 
do not change. The difference between the acid number of the fatty 
acids and their saponification number points to the formation of 
lactones. 

From the point of view of soap technics, it may be noted that the 
hardened product saponifies with dilute lye about as easily as common 

coming from candles in which acrolein was being generated. Any large proportion 
of nickel in the fat would also interfere with the burning qualities. (Sach, Zeitsch. 
f. angcw. Chem., 1913, No. 94, 784.) 

The slight lathering properties of soap made from hardened tran is to be expected, 
because this fat finds its analogue in tallow. Pure tallow soaps are very difficultly- 
Boluble and lather very poorly so the same property may be looked for in hardened 
fish oil or whale oil. (Seifen. Ztg. (1912), 1003.) 

The dark colored soaps which have been noted by some users of hardened oil 
may be due to traces of nickel soap in the oil which react with sulfur compounds 
in the lye, resulting in the formation of nickel sulfide and consequent discoloration. 
(Seifen. Ztg. (1912), 1003.) 

The odor of hardened tran is very much like that of distilled oils and recalls 
the penetrating disagreeable odor which is observed in distillation works and which 
is apparently due to the partial decomposition of fatty acids with the production 
of acrolein bodies. Odors of this character materially affect the quality of the soap, 
but this trouble may be avoided if greater care Is taken in the hardening process to 
avoid over-heating of the oil or fat. By skillful working at not too high a temper- 
ature, the disagreeable odor does not appear and the tran is rendered completely 
odorless. From this product a soap may be made which is beyond criticism. 

• Seifen. Ztg. (1914), 263. 

t Seifen. Ztg. (1912), 1309. 
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castor oil. Further, soap prepared from the hardened product, in 
spite of its high melting point, like castor oil soap, has a similar lack 
of sensitiveness against salt solutions and behaves in this respect 
like the fats of the cocoanut oil group. Like the fats of the latter 
group, the hardened fat may be saponified at a temperature of about 
80° to 90° C. While a soap with 30 per cent fat content made from 
ordinary castor oil is liquid, the corresponding soap from hardened 
castor oil is very firm, but the latter soap does not possess the prop- 
erty of lathering in the least. 

With regard to tariff rating on hardened oil Bbhm * thinks beyond 
question the hydrogenated product should not be declared and rated 
like the untreated oil and draws an analogy between raw oils and 
their hydrogenated products and formaldehyde or acetaldehyde which 
yield chemically different bodies, respectively methyl and ethyl alcohol, 
by taking up hydrogen. 

It is contended f that Bohm’s illustrative use of formaldehyde, 
which body through the addition of two atoms of hydrogen is trans- 
formed into methyl alcohol and thus into an essentially different 
body from the tariff point of view, is not entirely analogous with 
respect to hardened oils, for oils are not unitary chemical individuals, 
but are mixtures of triglycerides of various fatty acids. Also it is 
held that hydrogenated oils are not essentially single chemical individ- 
uals. like tristearin, but are mixtures of various fatty acid triglycerides 
in which mixtures, of course, tristearin is present in much greater 
quantities than in the original oil. A differentiation for tariff pur- 
poses on the ground of chemical composition is thus practically im- 
possible.t 

Dr. Bela Lach, in the Scifen. Ztg. (1912), 1245, discusses American soap manu- 
facture and refers to the Fels Naptha Soap Works of Philadelphia, as being users 
of hydrogenated oil. He says that Fels Naptha soap contains from 10 to 15 per cent 
of benzene of high boiling point, and that the raw materials are in a large part cotton 
and corn oil. Only a relatively small proportion of hard stock, such as tallow or 

■ ♦ Seifen. Ztg. (1912), 738. 

t Seifen. Ztg. (1912), 1003. 

X An article by Harmsen (Seifen. Ztg. (1913), 638-39 and 661-62) discusses the 
matter of tariff adjustment of hardened fats, and he states that by the hardening 
operation the consistency and other qualities of the oil are so modified that a recog- 
nition of its origin is in most cases impossible either by taste, smell or chemical 
test. Chemical analysis can determine only whether the fat is of animal or vegetable 
origin. The Hamburg authorities have arrived at the conclusion that hardened 
fat or oil must be taxed according to the properties and quality acquired by harden- 
ing. Harmsen also discusses the position of Talgol from the tariff standpoint in 
S^en^pder Zeitung (1913), 745. 
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palm kernel oil, is used. The amount of this material employed is, however, reduced 
because this concern has been able to make use of hydroK(mat(Hi oil, a material 
which tliey have thorouj^hly tested. At this f)lant Lach stat(*H h(; saw sampk's of 
hardened cotton and corn oil, as well as various kindr. of hardened fish oil which 
were of a remarkably fine character. They had the hardness and appearance of 
fine tallow, were beyond criticism as to odor and could be worked up into a soap in 
a satisfactory manner. 

A hardened oil of relatively low titer, bearing the trade name of “Krutolin” (or 
Crutolin),* is discussed in the Seifensiedcr Zeitung (1913), 930 and 954, and as some 
of the observations may be of use in the handling of other more or less similar hydro- 
genated products the following data is here included. 

On account of the great demand for good fats and oils in edible-fat manufacture, 
the prices of these have increased very materially, and it has become continually 
more difficult to obtain fats which remain white on boiling. Therefore hardened 
oils such as Krutolin, which may be obtained of uniformly good quality, promise 
to be of decided utihty. It is said that Krutolin has the advantage of b(‘irig cheaper 
than lard and cottonseed oil, and that in addition it is, as has betm provcai by long- 
continued experiments, a good substitute for lard and white cottonseed oil. When 
used for barrel soaps, Krutolin, alone, has a tendency to form sirupy, stringy soaps. 
Therefore, it is desirable to supplement it by the proper addition of other fats. In 
practice it has been shown that the danger of “lengthening” of unfilled white soft 
soaps is greater than when more or less potato flour is used as a filler. Hence it is 
recommended that the percentage of Krutolin employed be kept somewhat lower 
for such unfilled products. 

As mutton tallow, cottonseed oil, peanut oil and lard, or their fatty acids, in Ger- 
many are the usual or principal raw materials for white soft soap, it is stated that 
under present market conditions a considerabhi saving is attained in the manufac- 
ture of soai)s if these fats are replaced, even only in part, by Krutolin. In combi- 
nation with the above-named raw materials Krutolin furnishes a very white soap for 
both unfilled or filled goods. It is self-evident that a primary condition for the 
production of a totally white soap is cleanliness of working. Furthermore, it is 
necessary to pay attention to the alkali and especially the potato flour as these are 
often of varying origin, and are not always suitable. Many 50-degree caustic 
potash lyes give perfectly water-white solutions when diluted; others, however, show 
a yellow tone. With filled soaps the quality of the potato flour has a strong influ- 
ence on the character of the finished product. Every shipment should be tested 
for color and to ascertain whether the floUr has been treated with acid. Potato 
flours containing acid are to be excluded for filling white soft soaps, as they produce 
an after-darkening. The kind of water used also has some influence on the color 
of these soaps. 

A stock for unfilled figged soap containing Krutolin follows: 

1500 kg. mutton tallow 
900 kg. cottonseed oil 
600 kg. Krutolin 
3000 kg. 

On account of the high titer which mutton tallow possesses and in recognition 
of the fact that Krutolin easily favors the “lengthening” of the soap, one must 

* Krutolin is stated to be a substitute for “technical” lard and American cotton 
oil (Seifen. Ztg. (1913), 1386). 
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from the beginning count on a strong increase of carbonated alkali to reduce the 
causticity of the caustic potash lye. It is possible, in the above stock, to use 30 kg. 
96 to 98 per cent potash to 100 kg. of 50-degrec caustic potash lye. It will often 
be advisable, especially during the warm season, to substitute ammonia soda solu- 
tion for a part of the potash solution, in order to secm’c an easy and rapid figging of 
the soap. 

After completion of the boiling, samples are to be carefully tested to ascertain 
if the soap has been sufficiently shortened by carbonated alkali. Samples placed 
on glass must remain liquid a long time, and on stirring after cooling must not show 
any stringiness. Should the soap still remain tough and gum-like a later addition 
of concentrated potash or soda solution is necessary in order to produce a satisfac- 
tory product. On account of the large amount of carbonated alkali which can be 
absorbed, the yield of this soap is very good. 

The mutton tallow can be omitted and a somewhat larger amount of white lard 
substituted. The composition would then be about as follows: 

1600 kg. lard 
750 kg. cottonseed oil 
650 kg. Krutolin 
3000 kg. 

As lard has a considerably lower titer than mutton tallow, the amount of shorten- 
ing material used with this stock must b(‘ decTcased ac(!ordingly. With th(‘ stock 
first given, which contained a large amount of mutton tallow, additions of caustic 
soda lye were not necessary, but in this case, where softer fats form the basis, it is 
advisable to add about 20 per cent, of caustic soda lye in the boiling. The neutral 
fats in this stock can be replaced by fatty acids, but as .soaps from neutral fats are 
whiter, this is not to be recommended. A moderate filling with flour is advanta- 
geous when using fatty acid stock. A figged soap with a little filling can hardly be 
distinguished by visual examination from one which is unfilled. For the above 
stock of 3000 kg. the following filler is recommended: 

300 kg. best potato flour. 

600 kg. 12-degrec potash solution. 

300 kg. lye, 30° B4. 

The filler is to be added in the morning if the soap has cooled sufficiently over night. 
The soap is perfumed with sal-ammoniac, turpentine, safrol, oil of camphor, lemon 
oil or suitable mixtures of these. 

For a first-class “sal-ammoniac-turpentine” soft soap, where particular value is 
laid upon the resulting white color, and less on the figged effect, mutton tallow and 
cottonseed oil may be left out and Candelite and Talgol substituted in part therefor. 
The composition would then be the following: 

2000 kg. Krutolin. 

1000 kg. Candelite. 

For the reduction of the causticity 30 kg. potash should be used to every 100 kg. 
50-degree caustic potash lye. On boiling about one-third caustic soda is to be added. 
To the latter 26 kg. ammonia soda are added to every 100 kg. soda. These alkalies 
are dissolved separately, mixed and the lye diluted to the required strength. 

The above stock gives a soap of special toughness. Therefore, it may be neces- 
sary to add more or less soda or potash solution according to the result of tests made 
from time to time, until the soap possesses the desired normal characteristics. ’ “Sal- 
ammoniac turpentine ^ap” made according to this formula possesses a very white 
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color and by use of first-class potato flour can be filled up to 25 per cent without 
influencing the color. 

The filler is made up as previously mentioned, but must have an addition of 
potash filler. Its make-up thus becomes: 

750 kg. potato flour. 

1500 kg. 12-degree potash solution. 

375 kg. potash filler. 

750 kg. 30-degree “ take-off ” lye. 

In order to more surely prevent the lengthening of the soap ammonia-soda solu- 
tion also may be used in part in the filler instead of potash solution. For second 
and third quality soap which can be filled in a similar manner with 50 and 75 per 
cent of potato flour, the formula and boiling remain the same. Diese filled “sal- 
ammoniac turpentine” soaps should be perfumed rather strongly with sal-ammoniac 
and some turpentine, for prospective purchasers judge the soap not only by its 
white color, but also by the more or less strong ammoniacal odor. 

As already mentioned, the yield of such soaps is sai<l to be increased by the use 
of Krutolin. This is explained by the increased ability to take shorteners. For 
example, a “sal-ammoniac turpentine” soap filled with 50 per cent potato flour, 
gave a yield of about 250 per cent. 

Krutolin is not available for natural grain and green soft soaps, as here its qual- 
ities do not make it a substitute for either tallow or linseed oil. Tallow is necessary 
for iiatural grain soaps; at least up to now it has been impossible to produce a 
faultless grain formation with Krutolin or Talgol. Krutolin is also not suited for 
a perfectly clear transparent soft soap. 

From long continued tests in a large way it has been shown that Krutolin can 
also be added to the stock used in making bar soaps, insuring light color with good 
pressing qualities. 

A stock giving a light yellow soap which pres.ses well, is the following: 

1200 kg. Krutolin 
1200 kg. fatty acids of Talgol 
300 kg. fatty acids of by-product cocoanut oil 
300 kg. fatty acids of palm kernel oil 
3000 kg. 

450 kg. rosin = 15 per cent 
3450 kg. 

Under normal treatment and good cooling the above stock will furnish a soap of 
adequate firmness. Of course, the amount of rosin added has an important influ- 
ence on the solidity of the soap. With large amounts of rosin the use of soft fats 
must be minimized, as otherwise there is danger of obtaining too soft a soap in spite 
of the cooling treatment. 

A stock with 20 per cent rosin has the following composition: 

800 kg. Krutolin 

600 kg. fatty acids of light bone fat 
1000 kg. fatty acids of Talgol 
300 kg. fatty acids of by-product cocoanut oil 
300 kg. fatty acids of palm kernel oil 
3000 kg. 

600 kg. rosin = 20 per cent 
3600 kg. 
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To obtain sufficiently solid soaps it is iini)ortant to separate sharply on salting out 
BO as to secure a good grain. By doing this the appeiiraniie of cake soap may bo 
somewhat marred. This, it is further stated, is not to be feared so much with cooled 
soaps, as undesirable segregation cannot occur to any material extent during the 
rapid solidification. This is one of the main advantages of cooling machines in 
addition to the rapid production of goods ready for shipment. If only by-product 
cocoanut or palm kcrnid oil from edible fat manufacture are to be used for the stock 
instead of the best palm kernel fatty aiad, it will be necessary to reduce the propor- 
tion of rosin as the resulting soap may otherwise be too soft. These by-product 
cocoanut or palm nut oils almost always contain sesame or other similar oils, and 
influence the soap produced from them. When Krutolin is used in this manner it 
is advisable to perfume with safrol, lemon oil, etc., before cooling in order to cover 
the peculiar odor of this raw material which is disagreeable to some iieojile. 

For settled yellow rosin grain soaps Krutolin can also be used to advantage as 
it improves the base for later coloring. The action of crude palm oil used for color- 
ing will be materially stronger with a clear soap base, than if, for instance, dark 
bone fat has produced a base difficult to cover. 

The composition of the stock is the following: 

600 kg. by-product cocoanut oil 
900 kg. Krutolin 

GOO kg. fatty acids of light bone fat 
450 kg. fatty acids of Talgol 
450 kg. crude palm oil 
3000 kg. 

^0 kg. rosin = 20 per cent 
3600 kg. 

Here also the condition of the finished soap must be the regulator for its com- 
position. For instance, if the soai) is too soft, the percentage or rosin or Krutoli i 
is to be reduced. 

Krutolin also finds a use in making white wax grain soaps and various gradivs i ' 
textile soaps. Where the kind and color of the soaps allow, as has been repeatedly 
found with textile soaps, Krutolin should be split, in order not to lose the glytierine. 

Krutolin can be used to advantage as an addition fat in making 
soaps by the cold process, although care should be taken in its use*. 
With unfilled toilet soaps about 30 per cent Krutolin may be usetl 
with about 70 per cent of cocoanut oil. If the soap is to be filled, 
the percentage of Krutolin should be correspondingly reduced, since 
otherwise the soap would suffer in appearance and would be poorly 
bonded.* 

In preparing a white soft soap Bergo (Seifen. Ztg. (1913), 1220) uses 1000 kg. 
fatty acids of cotton oil to 200 kg. of Candelite. 900 kg. of 30® B6. caustic potash 
lye and 300 kg. of 25® B6. caustic soda lye are used together with 100 kg. of car- 
bonate of soda lye of 30® B4. The caustic potash lye is reduced with carbonate of 


Seifen. Ztg. (1914), 8. 
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potash solution. The lyes are put in the kettle first, the fatty acids slowly added 
and then the Candelito.^ (Chein. Abs. (1914), 588.) 

Hydrogenated linseed oil has been put on the market under the 
name of “Linolith” by the Germania Olwerke.f Two grades are 
manufactured. One grade has a melting point of 45° C., and the 
other melts at 55° C. Both grades show a saponification number 
of 188 to 195 and a glycerine content of 9 to 10 per cent. Linolith 
has not been used extensively in white soaps as it is off color, but is 
serviceable for the preparation of rosin or “Eschweger” soaps and the 
like. While the raw material, linseed oil, is liable to cause yellowing 
or after-darkening of soaps or the sweating out of drops of a yellow 
liquid, the hardened oil is thought to be free from these objections, 
but caution is advised in its use until thorough tests have been carried 
out-t 

Soaps made with hardened linseed oil (Linolith) and rosin are of good 
quality and the odor and color arc excellent. § The following formulse 
have been tested: 

* The character of soaps made from hardened oil in conjunction with cottonseed 
or peanut oil is discussed in Der Seifenfabrikant (1913), 31. 

t Talgol, Cand(dite, Krutolin and Linolith have taken a place in the German 
market and are listed among the fats regularly quoted. (Sec Seifen. Ztg. (1913), 
1380.) 

In Germany the price of fish and whale oils fluctuates to some extent with that of 
linseed oil by reason of the demand for these oils by oil-hardening concerns. (Seifen. 
Ztg. (1913), 1385.) 

Linseed oil is in increased demand for the manufacture of hardened oils and edible 
compounds. It is stated that in North America this oil promises to become an im- 
portant raw material for the hydrogenation industry. (Seifen. Ztg. (1913), 1277.) 

R. H. Adams, president of the American Linseed Company, attributes consider- 
able importance to the hardening process as applied to linseed oil. “ The hydro- 
genation process,” Adams states, "is merely in its infancy and is bound to exert a 
powerful influence upon the oil mark(‘ts, and will prevent the price of linseed oil from 
ever going to the low levels which have been reached in certain years of the past.” 
He states that the process would not affect linseed oil alone, but as the process was 
applicable to other vegetable oils and to fish oils, the question of comparative prices 
would largely determine the extent of consumption in the case of each oil. The 
increased outlet for linseed oil afforded by virtue of the hydrogenation process was 
generally credited to the soap trade. While consumption of oil for soap-making pur- 
poses undoubtedly has increased, Adams states that another outlet, and one which 
may assume very large proportions, is found in the edible trades, and even now large 
quantities of linseed oil are being thus consumed on the Continent. (0. P. & D. R,, 
March 10, 1914.) 

t Seifen. Ztg. (1913), 1299. 

§ Seifen. Ztg. (1914), 23L 
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1 
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Linolith, M. P. 45° C., or its fatty acids. . 

1600 lbs. 

1600 lbs. 



Linolith extra, M. P. 55° C., or its fatty 





acids 



1500 lbs. 

1500 )bs. 

Fatty acids of palm kernel oil 

400 

200 

400 

300 

Fatty acids of oocoaniit oil 


200 



Fatty acids of peanut oil 


300 

’ 500 ' 

’ 500 ” 

Fatty acids of Talgol 

500 


300 


Soft fat 

500 

*700 ’ 

300 

700 

Rosin 

750 

1050 

900 

1200 


The fatty acids were saponified with carbonate and the neutral fat 
with 30 degree caustic soda. The Linolith extra was found capable of 
carrying a higher proportion of rosin than the regular Linolith. 

Linolith does not exhibit any marked odor such as is observed in 
the case of much of the hardened fish oil on the market and is regarded 
as suitable for the manufacture of white grained soaps.* The follow- 
ing procedure has been tried and a satisfactory product obtained. 
50 parts of Linolith, 10 parts of a tallowy fat and 40 parts of fatty 
acids derived from a vegetable oil were employed. The Linolith and 
tallowy fat were saponified and it was noted that saponification pro- 
gressed rapidly. The product was bleached with Blankit and salted 
out. After settling it was combined with stock derived from the 
separate saponification of the vegetable oil, and well boiled and salted 
out. The soap was duly grained and afforded a product of excellent 
feel and good odor. The color was not a pure white. 

The difficulties in using hydrogenated linseed oil (Linolith) in white- 
grained soaps, according to Wilhelmus,t have been that the color was 
not sufficiently light and the lathering properties were defi(;ient. The 
texture of the soap was unsatisfactory and cracks occurred on standing. 
In investigations directed toward the elimination of these objectionable 
features Wilhelmus found that much depended on the manner of cleav- 
age of the hardened linseed oil. While with autoclave treatment 
saponification to the extent of 88 to 90 per cent gave fatty acids of good 
color, it was not found feasible with the Twitched reagent to exceed 
80 to 82 per cent, as the resulting fatty acids otherwise were too dark 
for white soaps. Pfeilring reagent afforded better results and WilheL 
mus regards this cleavage compound to be of specific value in splitting 
hardened oils. Benefit is derived by adding to hydrogenated linseed 
oil a quantity of an oil, such as peanut oil, which splits easily, yielding 
light colored fatty acids. By subjecting the hardened oil to cleavage 
under these conditions a better grade of fatty acid may be obtained. 

♦ Seifen. Ztg. (1914), 140 and 167. 

t Seifen. Ztg. (1914), 257. 
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In making the soap about 40 per cent of hydrogenated linseed oil 
(Linolith) may be (employed. After saponification with alkali and 
graining in the kettl(‘, the product is bleached. For this purpose a 
bleach consisting of 91 parts of water, 5.8 parts of sodium bisulfite, 2 
parts of sulfuric acid and 1.35 parts of zinc dust are used for 1000 parts 
by weight of the fat. The use of soap-cooling apparatus, in place of 
frames, enables a better control of the color. The addition of 10 to 
15 per cent of castor oil improves the solubility and lathering qualities of 
the soap. 15 per cent of castor oil is the maximum.* If still higher 
lathering properties are required Saponin’’ powder may be added. 

* The preparation of soaps with fatty mixtures consisting of saturated fats, such 
as those derived by hydrogenation, with unsaturated fats or oils has been made the 
basis of an application for German Patent by Worms and the novelty of the idea is 
(iritieized in Heifensieder Zeitung, 1914, 392. 



CHAPTER XVI 


USES OF HYDROGENATED OILS AND PROPERTIES OF 
CERTAIN HARDENED PRODUCTS 

Ittner * states that the hydrogenation process has been worked 
out by a number of soapmakcrs, that hydrogenated oils have Ixh^ii 
and are used on a comparatively largf' scale in soapmaking but 
that their principal employment up to the present time has been in 
the manufacture of edible fats. 

The hydrogenation process has reinstated whale oil as an important 
fatty commodity. The Oil, Paint and Drug Reporter f alludes to 
the status of this oil as follows: 

“ About fifty years ago whale oil found an extensive sale for illuminal ing and 
lubricating purposes. So established became its use as a burning oil, stones 
are told that concern was sometimes expressed as to the means of future lighting 
when the supply of whale oil should be exhausted. Stocks of the oil were in 
the early days occasionally insufficient for the demand and there was apparently 
some color to these fears. With the advance of the petroleum industry and 
the assurance of relatively low co.st of burning and lubricating oils, the whaling 
industry was confronted with a power that was destined to undermine its 
staunchest support, and gradually it had to yield to the overwhelming economic 
force until about five years ago when another shift in the fortunes of trade 
opened new and unexpected opportunities for whale oil. The restoration came 
through the successful development of the hydrogenation of oils, which has 
enlisted foreign interests in the whaling industry on a large scale, and the pro- 
duction has reached under modern methods limits that can put to blush the 
records of early years. According to the latest statistics, the world’s annual 
output of whale oil amounts to more than 800,000 casks. Instead of illuminat- 
ing our darkness, it now serves mankind liberally as a soap material, for which 
field it is well adapted, while some measure of success has been attained through 
the hydrogenation process for edible requirements.]: In place of the old whaling 
schooners modern vessels are now employed and present refining methods are much 
more scientific and capable.” 

The reduction of clupanodonic acid by means of hydrogen and colloidal 
palladium yields stearic acid and a mixture of saturated acids of low melting- 
point. From this and other observations the view is advanced that clupano- 

♦ J. Ind. Eng. Chein., 1915, 936. 

t Jan. 25, 1915, 9. 

t In view of the stringency in Germany of consistent fats, brought about by the war, 
the use' oi hydrogenated fish oil or other hardened oil is advanced as fitting. Chem. 
Ztg., 1914, 1131 andSeifen Ztg., 1915, 1011 and 1132. 
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donic acid contains a mixture of isometric tctra olefine carboxylic acids, in part 
having branching hydrocarbon chains.* 

The results of hydrogenating torpedo liver oil are reported by 
White, t The oil was hydrogenated at a temperature at 200° C., in 
the presence of reduced nickel supported on asbestos. Hydrogen 
was simply bubbled through the oil which was placed^ in a vessel 
heated by an oil bath. An oil of pleasant nutty odor was prepared 
by hydrogenating for a few hours. 

According to TsujimotoJ oils from the livers of different species 
of Japanese sharks contain a large proportion of unsaturated hydro- 
carbons, up to 90 per cent in the case of Squalus Mitsukuri. The 
chief constituent is a hydrocarbon, CsoHso, which is a colorless oil, 
with sp. gr. 0.8587 at 15° C. It has pronounced drying proi)erties 
and forms a bromine addition compound, (A 3 oHr,oBri 2 , and a hydrogen 
addition compound, C 3 ()Ho 2 . The name ‘‘ squalene ” is suggested for 
this hydrocarbon. 

Hydrogenation Procedure.--3.3n5 g. of the hydrocarbons of shark-liver oil § 
were dissolved in 30 cc. of ether in a shaking bottle. To this solution 0.5. g. 
of Loow’s platinum black was added. The bottle was then connected to a gas 
burette, which, in turn, was connected with a hydrogen holder. Hydrogen 
was prepared from pure zinc (Merck) and dilute sulphuric acid, and before enter- 
ing into the burette, it was washed and dried by bottles containing a solution 
of potassium permanganate and (ioncentrated sulphuric acid. By vigorously 
shaking the bottle, hydrogen was conducted into it under the mercury pressure. 
After two hours forty minutes, the absorption ended; the volume of hydrogen 
absorbed, together with a little leakage, was 1120 cc. The hydrogenated com- 
pound, left on evaporating off ether, was found to bo a colorless oil, resembling 
in its appearance the so-called liquid paraffin. It has the following properties: 
Sp. gr. at G., 0.8125; b.p, (10 mm. pressure) 274° C.; solidifying pt.; 
at —20° C. it remained clear and mobile; 80° — C., solidified to a transparent 
jelly which at —35° C. regained its mobility; ref. index at 20° C., 1.4525. It 
was not readily acted on by concentrated sulphuric acid, even at 100° C. 

Elementary Analysis.— (1) 0.1610 substance gave 0.5022 TO, 0.2114 HaO. 

(2) 0.1910 substance gave 0.5959 COa, 0.2523 HaO. 

C= 85.07, 85.09 per cent; H = 14.69 per cent, 14.78 per cent. 

CsoHea requires C =85.21 per cent, H = 14.79 per cent. 

Molecular weight determination, by fr^zing-point method, 0.2982 substance 
in 11.1030 benzol, d=0.31° C. Mol. wt. =433. 

C.ioH«a requires mol. wt. =422.5. 

The substance has, therefore, been confirmed to be a compound of the em- 
pirical formula CjoHea. As CsoHea is of a type of the general formula CnH2nd"2, 
it appears that the hydrocarbon CaoHeo belongs to the aliphatic compounds. 

♦ Seifen. Ztg., 1914, 1072; Riedels Berichte, 1914. 
t Transactions American Fisheries Society, December 1914, 88. 
t J. Chem. Ind. Tokyo, 1916, 19, 277; J. S. C. I., 1916, 609. 

§ Tsujimoto, J. Ind. Eng. Chem., 1916, 889. 
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As to the uses of the hydrocarbon, Tsujimoto states that only a brief 
investigation has been made as yet. It may be mentioned, however, that for 
technical purposes, the hydrocarbon may be used for paints, varnishes, lith- 
ographic inks, and oil colors. The hydrogenated product, which, in its appear- 
ance, is very similar to so-called liquid paraffins and, at the same time, far 
more stable for cold, will be a useful material for lubrication of machines. 

The medicinal use of the hydrocarbon, possible for the same purpose as cod- 
liver oil, will perhaps be most interesting, but careful researches are necessary to 
settle this question.* 

Calamary oil f is obtained from the internal organs, especially 
the livers, of various species of cuttle-fish. The oil, especially the 
refined, is easily hydrogenat(‘xl by nickel catalyzer, giving, according 
to Tsujimoto, a white tallow-like fat of M.P. 43 to 44° C. and iodine 
value of 49.25. Tsujimoto believes the chief use of the oil will 
probably be as a raw material for hardened oils, as its price is below 
that of other fish oils. 

Some details of the work of Tsujimoto on clupanodonic acid are of interest 
in view of the present extensive application of the hydrogenation process for 
the deodorization of fish and whale oils (sec page 360). Tsujimoto t has ob- 
served a rough relationship between the amount of odor of an oil and the degree 
of unsaturation. The author attributes the disagreeable odor of marine animal 
oils largely to the presence of glycerides of highly-unsaturated fatty acids, espe- 
fatty acids, especially those of the series C2H2n-802. Thus, Japanese sardine 
oil, which contains a large proportion of clupanodonic acid, has a much more 
pronounced fishy odor than herring, whale, dab, or turtle oils, which contain 
less of that acid. This was supported by the fact that on treating a solution 
of the fatty acids from Japanese sardine oil with bromine, filtering off the 
insoluble octobromide, and reducing the brominated fatty acids in the filtrate. 
The acids obtained were practically free from the original unpleasant odor, 
though still possessing an odor. The precipitated octobromide was odorless, 
but when reduced with alcoholic hydrochloric acid and zinc dust, it yielded 
clupanodonic acid with the characteristic fishy odor of the oil. Tsujimoto, 
therefore suggests that future investigations of the problem of deodorization of 
these oils should aim at either the complete removal of glycerides of the clu- 
panodonic acid series or of their conversion into non-odorous compounds. 

As yet no satisfactory method of extraction of the clupanodonic acid has 
been found, but the hydrogenation process has accomplished the alternative 
which Tsuj pioto advanced. 

In a discussion of the fish-oil industry in Hokkaido (Japan), 
Ueno J observes that the body oils of herring, sardine, flat fish, 
sculpin, etc., which are obtained in that locality, are of inferior 
quality and are used in the hardened oil industry. 

♦See also Cl^cm. Abs., 1918, 1004. 

fTsujirahto, J. Ind. Eng. Chem., 1916, 801. 

t,J. Coll. Eng., Imp. Univ., Tokyo, 1908, 4, 181-191; J. S. C. I., 1909, 316. 

I J. Chem. Ind.. Japan, 1915, 798; Chem. Abs., 1916, 635. 
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Evidently, in the soap industry, hydrogenation has created very 
little sensation in this country, Schuck states,* and he doubts if the 
majority of soap manufacturers have shown an absorbing interest 
in this question as they have not been forced to accept hydrogena- 
tion as a fact to be reckoned with in the manner the soap manu- 
facturers on the other side of the ocean have had to do. 

Two years ago when hydrogenated fats were put on the European market 
in large quantities they were received with a good deal of skepticism, no doubt 
due to the novelty of the thing, and then the price was not attractive enough in 
comparison to the disposable raw materials. Since then, palm-kernel oil, Ceylon 
cocoanut oil, white greases, etc., have gone up in price to such an extent that 
the soap manufacturer was only too willing to try his luck with hydrogenated 
fats. It is indeed, an accomplishment, Schuck states, to produce a very satis- 
factory base soap for toilet soaps from hardened whale oil when we consider 
that only a few years ago such an oil would have been totally unsuitable for 
either toilet or hiundry soaps. It is quite evident that a white soap, for in- 
stance, made from hardened whale oil alone would be just as unsuitable for 
the trade as one made from a high-titre tallow. The soap would hardly lather, 
would be too brittle and would crack. Mistakes were made at first by taking 
toe high a percentage of hardened fat until experience taught a successful blend- 
ing of 30 to 50 j)er cent of the latter with 70 to 50 per cent of a softer-bodied 
fat or oil. A fat composition of 50 |x;r cent of the hardened oil, 20 per cent 
palm-kernel oil or cocoanut oil and 30 per cent peanut oil has proved to be 
a splendid formula for white soaps. The very fact that this hardened whale 
oil had to be blended with soft-bodied oils and fats in order to produce a soap 
easily soluble in water made the manufacture of rosin soaps that much easier. 
In European countries soapmakers do not use such high percentages of rosin in 
their laundry soaps as we do here, and a percentage of 40 per cent rosin is 
considered there extremely high. 

Below is a formula of a rosin soap, typical of the German pale yellow soaps: 

1500 lb. hardened linseed oil (linolith) fatty acids. 
500 lb. peanut oil 
700 lb. soft-bodied grease 
300 lb. palm-kernel oil 

3000 lb 

1200 lb. rosin =40 per cent 

4200 lb. 

Prior to the advent of the hydrogenation process, Schuck observes, linseed 
oil was used almost entirely for soft potash soaps and whoever tried to use it 
in laundry soaps, even in very limited quantities, was sadly disappointed. The 
trouble resided not alone in its soft-bodied character, but in the fact that the 
unsaturated linolic and linolenic acids produced in a short time yellow and 
brown spots on the surface of the soap and made it quite unsalable. Here also, 

* Soap Gazette and Perfumer, 1914, 410 . 
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says Schuck, hydrogenation has done wonders. It changed the physical char- 
acter of the oil entirely. Consider, on the one hand, the fast drying, soft- 
bodied, yellow and fishy-smelling linseed oil and, on the other hand, the hard- 
ened product, white, hard, non-smelling and suitable for any kind of soap, be it 
laundry or toilet soap. Experience has proven that even on long aging the 
characteristic yellow and brown spots of the linolic and linolenic acids do not 
appear on soaps made from hardened linseed oil. 

Soaps made from hardened linseed oil showed at first a slight reddish discolora- 
tion, but this was rather the fault of inexperienced settling of the soap than of 
the fat itself. Ti'he brittleness of the soap which the first batches showed was 
subsequently overcome by a proportionate blending of linolith with peanut oil or 
castor oil. Castor oil soaps have the peculiar faculty of remaining liquid even if 
highly concentrated and for that reason are splendid supplementary soaps to 
those made from hardened fats. The percentage of castor oil need not exceed 
15 per cent to result in a soap which is easily soluble in water and which pos- 
sesses very good lathering qualities. Schuck concludes with the suggestion of a 
prophecy that the time may not be so far off when hydrogenated raw materials 
will be as universally used in this country as abroad and that fore-knowledge 
is very often half of the battle. 

At one time, Bjiorre * observes, it was thought that hardened oils 
would displace all other fats in the soap industry but the difficulties 
encountered with hydrogenated fish and whale oil in soap making 
changed this view. 

Soaps made from the latter fats were ** stone-hard,'* very brittle, were pressed 
with difficulty and lathered poorly. The odor of the soap was unpleasant, 
especially after keeping for a considerable time, the initial white color changed 
to yellow, yellowish red or brown and on the surface of the cakes varnish-liko 
exudations of strong odor appeared. Samples of grained soap of a neutral char- 
acter, firm consistence and good tallowy odor, prepared from hardened train oil 
on keeping for a few weeks in a closed box, changed materially in this time. 
The cakes were fissured, the color was a rusty brown and the odor was disa- 
greeable. For these reasons hardened fish and whale oil can be recommended 
for use in soaps only in moderate amounts. The allegation that these hardened 
fats serve as substitutes for palm kernel and cocoanut oil is without support. 

Fatty acids can be obtained from hardened fats by autoclave, Twitchell or 
ferment cleavage. In the autoclave process, zinc powder is the best cleavage 
agent because the resulting fatty acids are the least discolored. When decom- 
posing the products of the autoclave treatment with sulphuric acid, agitation 
is secured by means of a current of air. The glycerine obtained is of good qual- 
ity and contains 0.2 to 0.5 per cent ash. It may be rendered entirely white by 
treatment with blood charcoal in vacuum. 

In the table below, the properties of the fatty acids obtained from several 
grades of hardened fish and whale oil are given by Knorre; the names by which 
these products are sold in the German noiarket being used. 

The direct pressing of the fatty acids of Candelite is not recommended. It 
is better to mix Candelite and tallow or refined bone fat, subject to cleavage 

* Seifen. Ztg., 1914, 806. 
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and then mix the fatty aoida with olein or runnings from hot pressing in order 
to improve the pressing operation.* 

As already mentioned, hydrogenated oils have been receiving con- 
siderable criticism by the soap makers because of the relatively low 
lathering qualities of soaps prepared from these oils. 

The addition of a large proi)ortion of hydrogenated oil to the soap batch is, 
therefore, preciluded. In order to secure a free lathering soap from hydrogenated 
fatty material, the author f first polymerizes the oil and then subjects it to 
the hydrogenation process. The polymerization is carried out by protracted 
heating preferably in the absence of air until the iodine number has been re- 
duced to as low a degree as is feasible. This reduction depends upon the oil 
which is being treated. Fish or whale oil may have the iodine number readily 
reduced by polymerization to about 80 or 90. Such products usually st ill possess 
a fishy odor and by hydrogenating to an iodine number of 40 or 50 the odor is 
eliminated and, in some cases, the taste becomes fairly bland. The author has 
prepared soaps from such product, s and finds them to possess relatively good lath- 
ering properties and to yield soaps in other respects of quite satisfactory (juality. 

Further details of the joint result of polymerizing and hydrogen- 
ating a fatty oil are described below. { 

Fatty acids and unsaturated oils such iis the glycerides containing more 
especially two or more double bondings or olefine groupings are capable of poly- 
merization at elevated temperatures resulting in a thickening of the oil due not 
80 much to the formation of stearinc as to the formation of oil complexes by 
the union of oil molecules one with another, usually denoted by a profound 
reduction of the iodine number and other changes. In this manner castor, fish, 
whale, cotton, corn, linseed, rape and tung oil and the like may be polymerized 
to differing degrees and by such polymerization a thickening of the oil usually 
occurs which produces a body of viscosity that enables one to obtain by hydro- 
genation, a product containing a fatty derivative of good texture or consistency. 
The product may be used in making lubricants, or may be sulfonated by treat- 
ment with sulphuric acid or soaps may be prepared by saponification with 
alkalies. 

When catalyzers such as nickel oxide are employed, it is preferred first to 
polymerize the oil at about 250® C. and then to reduce the temperature and 
harden by means of hydrogen or hydrogen and oxygen at a temi^erature around 
200° C. When using palladium the temperature may be much lower. 

Hardened or hydrogenated oil produced by simple hydrogenation is not 
capable of yielding soaps having as free lathering qualities as often as desired, 
while some gradas of the polymerized and hardened hydrogenated oil show supe- 
rior lathering qualities when converted into soap. 

To remove the odor from fish and whale oil by hydrogenation requires a con- 
siderable conversion to stearine. Usually it is necessary to reduce the iodine 
number of fish oil to 40 or 50 in order to convert the unsaturated bodies such 
as clupanodonin which are supposed to be more or less odor-producing into more 

* Seifen. Ztg., 1914, 812. 

t U. 8. Patent No. 1,151,002, August 24, 1915. 

} U, % Patent No. 1,178,142, April 4, 1916. 
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saturated or entirely saturated bodies rendering the oil free from disagreeably 
fishy odor. But hydrogenation to this point produces so large a proportion of 
stearine which lathers freely as a soap only in very hot or boiling water that the 
product when used with cold or slightly warm water is deficient in lathering and 
consequent detergent properties. By polymerization the property of cold lath- 
ering existent in the soaps produced from normal fish oil is to a considerable 
degree present in the polymerized oils and any further hardening which may be 
desired and which is secured by hydrogenation does not impair these lathering 
qualities to any material degree in connection with the production of fats for 
making hard soaps. Hence, polymerization enables the production from oils 
and fats of a thickened or hardened product without the necessity of carrying 
hydrogenation forward to such a degree that the lathering properties of the 
soap are seriously impaired. 

The following procedure will .serve to illustrate the foregoing; Whale oil 
was healed in an atmosphere of carbon dioxide for sixteen hours at a tem- 
perature between 250° and 270° C. The final product was viscous and the 
fishy odor was largely eliminated. The iodine number of the oil before heating 
was 135.5 and that ol)tained after heating had an iodine number of 89.7. The 
polymerized oil was treated with hydrogen in the presence of nickel material 
as a catalyzer and a product was obtained which did not appear to have any 
very definite melting-point. Changes in temperature between quite wide ranges 
did not appear to affect the consistency very materially. It melted completely at 
about 37° C. and the iodine number was found to be 65.9. A quantity of the 
whale oil which had not l)een polymerized was hydrogenated under the same 
conditions and soaps i)repared from both the products by saponification with 
alkali under like conditions. The soap obtained from the hydrogenated whale 
oil had almost no lather in cold water, while the polymerized and hydrogenated 
product gave a copious lather in water of the same temperature. The fats as 
well as the corresponding soaps were free from any fishy odor. It appears to 
be an approximately correct statement that the lathering qualities of a soap 
depend on the melting-point of the fats from which it is made. A soap made 
from oleic acid lathers rather ea,sily in cold or slightly warm water, while that 
made from stearic acid requires a temperature of nearly 80° C. to develop a 
satisfactory lather. The absence of any definite melting-point in the partic- 
ular product illustratively given herein possessed no very deiinite melting-point, 
as stated and was capable of lathering freely in cold or tepid water. Soaps 
prepared from oils which are highly unsaturated such as linseed oil or fish and 
whale oils are often prone to discolor due to the tendency to oxidation of some 
of the unsaturated constituents. If the oil is hardened to a point where dis- 
coloration is not liable to take place and undesirable odors are removed the 
lathering qualities are impaired, while by polymerizing a goodly proportion of 
the components which tend to bring about oxidation are eliminated without any 
material detrimental influence on the lathering properties and by final treat- 
ment with hydrogen a sufficient amount of consistent material is obtained to 
give the rexjuisite body or firmness to the soap. The amount of hydrogen re- 
quired is less, which is a saving in cost. 

Polymerization of unsaturated oils by the action of ultraviolet light 
in the presence of reducing gases is noted by Ellis.* 

*U. 8. Patent No. 1,180,025, Apr. 18, 1916, and 1,179,414, Apr. 18, 1916. 
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The hydrogenation process enables olein (oleic acid) to be pre- 
pared in two ways according to Dubovitz * either by treating hydro- 
genated fatty acids of a titre of 40 to 46 in the usual way to sep- 
arate stearine and olein or to hydrogenate cheap oil of high iodine 
number to bring the iodine number to about 80 or 90 or approxi- 
mately that of olein, and saponify this product. The resulting olein 
contains only a few tenths of a per cent of unsaponifiable matter 
and a few per cent of neutral fat. The liquid fatty acid contains 
highly unsaturated components in spite of the iodine number of 
80 to 90. 

The application of hardened oils in the candle industry is noted 
by Bontoux t who states that the operations of pressing or distilla- 
tion, impose a limit on the degree of hardening practicable. 

In splitting fats with aromatic sulpho-fatty acids, the color of the 
resulting product is improved by using hydrogenated castor oil, contain- 
ing hydroxyl, for preparing the dissociating agent. One part each of 
hardened castor oil and naphthalene arc ground to a powder and treated 
with four parts of commercial sulphuric acid at a temperature below 
20° C. The resulting product is poured into eight parts of water and 
the upper layer which forms is collected and used as a fat splitting 
agent, t 

Formulas for the production of white-grained soap employing hardened 
linseed and fish or whale oils are given in Seifensieder Zeitung, 1914, 644, 705 
and 931. A soap or soap i)owder of great del,ergent power is described in the 
same journal, p. 511. 

A grade of hardened linseed oil (linolith) made for the German market pro- 
duces a toilet soap base of pure white color § see also Seifensieder Zeitung, 
1914, 540, for approved formulas by Schaal employing hardened fish oil. On 
page 543 Bergo gives a number of soap stock formulas using Linolith, Talgol or 
Candelite, 

Timely substitutes for cocoanut oil soaps are discussed by Schaal. || At 
least 40 to 50 per cent of cocoanut oil must be used to secure easy saponifica- 
tion, rapid lathering and general appearance. Four formulas are given using 
tallow, hardened oil, hog fat and castor oil in varied proportions.^ 

In Germany, during the war, hydrogenated fats have played an important 
part in soap making. The lack of lathering power in soaps made from hard- 
ened oil can be corrected, according to Davidsohn ** by additions of cocoanut 

* Seifen. Fabrikant, 1915, 137 and 157, Seifen. Ztg., 1915, 459. 

t Matiferes Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

J German Patent 298,773, Vereinigte Chem. Werke, A. G.; American Perfumer, 
1918, 382. 

§ Schaal, Seifen. Ztg., 1914, 600. 

|[ Seifenfabr:, 1914, 1168. 

t Chem. Abs., 1915, 389. 

♦♦ Chem. Ztg., 1915, 330. 
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or palm-kernel oil, or rosin. A soap prepared from 50 parts hardened linseed 
oil, 30 parts cocoanut-oil fatty acids and 20 parts of rosin exhibited good lath- 
ering properties. A cold process soap made from 40 parts hardened oil and 60 
parts cocoanut oil possessed an excellent appearance and the lathering powers 
were good. 

The advantageous utilization of hardened fats in soap-making, specially 
during the war, is discussed in Seifensieder Zeitung, 1914, 1109. Various for- 
mulas are given. For methods of making soft soaps from these materials, espe- 
cially Talgol and Krutolin, see Seifensieder Zeitung, 1914, 1130. 

The commercial application of the hydrogenation process to the French soap- 
making industry is described by Gurney.* * * § 

In connection with considerations involved by the war, it has been pointed 
out t that the Oelwerke Germania is owned by the firm of Jurgens, which is 
operated by Holland and British capital. A response to this comment appears 
in Seifensieder Zeitung, 1914, 1073. 

At an exposition in Magdeburg J the Oelwerke Germania of Emmerich 
exhibited a series of hardened oils, viz.; Durotol M.P. 60°, Coryphol M.P. 
80° C., Talgol, Talgol extra, Linolith, stearine and olein from Talgol extra, crude 
glycerine from linolith, stearine candles from Talgol extra and various soaps 
made from hardened fats. One of these v/as a toilet soap containing 43 per 
cent of hardened linseed oil. (Linolith.) 

The Oil, Paint and Drug Report, er § reviews the progress of hydro- 
genation during 1913 and notes that because of the relatively low 
price of linseed oil in Europe this oil has been more generally hard- 
ened for soap makers than other oils. Abroad, cottonseed oil is not 
hardened extensively, except for edible purposes. Small quantities 
are being hardened for margarine, and this will probably be an 
important business. The total capacity of the European hardening 
plants for 1914 is put at 1,375,000 barrels (400 lb. each), but not 
more than half this amount was made in 1913. In the U. S. the 
output for 1913 is put at 500,000 barrels and is rapidly increasing. 

During 1917 an extraordinary demand from soap and candle makers kept the 
white and yellow grease skarine market at Chicago strong throughout the year.|| 
Altliough the record-breaking prices which prevailed during the year was a stimulant 
to production, supplies of stearines were never burdensome during 1917. Early 
in the year oleo stearine attracted a good premium over tallow due to the strong 
demand from compound makers, but later in the year the demand from this source 
waned somewhat when the hydrogenation of bean oils for oleo stearine was carried 
out extensively. The substitution of the hydrogenated bean oils for oleo stearine 
reduced the demand for stearine on the part of compound makers to a minimum. 

* Chem. Trade J., 55. 187. 

t Seifen. Ztg., 1914, 1030. 

t Seife 1 . Ztg., 1914, 863. 

§ July 20, 1914; J. S. C. L, 1914, 837. 

II O. P. & D. Reporter, 1918, 71. 
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tion of castor oil or turkey-rod oil (5 to 10 per cent).f 

The cost of hydropieiiatiiig fatty oils according to Bontoux J at 
first was figured at 7 to 8 francs per hundred kilos of oil but at the 
present time certain patent owners are guaranteeing a maximum 
cost of 3 to 4 francs per hundred kilos, depending on the nature of 
the oil and its intended use. 

Schrapinger § has studied the hydrogenation of Chinese wood oil 
in order to throw some light on the structure of wood oil fatty acid. 
Eeduction could not be carried out by the method of Erdmann and 
Bedford II because the acid polymerizes under the conditions imposed. 

Accordingly Schrapinger used the method of Paal If (palladiiim-hydrosol as 
hydrogen carrier), and the modification by A. Skita (higher pressure, for the 
purpose of accelerating the reaction). 

The wood-oil acid to be reduced was dissolved in 30 cc, of alcohol The 
palladium chloride was dissolved in 50 cc. of boiling water; 0.5 g. of gum arabic 
was also separately dissolved in 50 cc. of water. The two solutions were mixed 
after cooling, and the alcohoUc wood-oil acid solution was added; enough ether 
and alcohol was then added so that a uniform liquid was obtained. Hydrogen, 
under one atmosphere pressure, was then forced into this mixture, and the 
closed vessel shaken during the process. In two separate experiments, the sodium 
salt, as well as the free aiad, was reduced. It was found that the sodium salt 
reduces better than the acid itself, owing to the greater solubility of the sodium 
salt in aqueous alcohol, thus eliminating the possibility of coating the colloidal 
palladium particles by precipitated acid. 

After the reaction was finished, the solution was raised to boiling, then fil- 
tered and finally evaporated. The residue was dissolved in hot water, and 
acidulated with hydrochloric acid. The precipitated acid was recrystallizcd 
from alcohol, possessed a melting-point of 09° to 69.5° C. and showed the fol- 
lowing composition: 

1. 0.2138 g. substance gave: 

0.5969 g. CO 2 correstx)nding to 0.1627 g. C., 

0.2386 g. H 2 O corresponding to 0.0266 g. H. 

2. 0.1941 g. substance gave: 

0.5424 g. CO 2 corresponding to 0.1479 g. C., 

0.2135 g. H 2 O corresponding to 0.0238 g. H. 

* Seifen. Ztg., 1916, 17 , 371; Soap Gazette and Perfumer, 1915, 424. 

t Soifen. Ztg., 1914, 992. 

$ Mati^res Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

§ Dissertation, Karlsruhe, 1912; Stevens and Armitage, China Wood Oil, Vol. II, 
Part 2, 2770. ^ 

II Ber. 1909, 42 , 1324. 

t Ber.k 1905, 38 , 1406, 2414; 1907, 40 , 2209; 1908, 41 . 2273, 2282. 
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Calculated for Ci8H8«02C- 75.98 per cent, H = 12.76 per cent, 

Found C= 76.09 per cent, 12.44 per cent, 

“ C =76.19 per cent, H = 12.26 per cent 

The product obtained, therefore, was stearic acid, whereby it was proven that 

elaeornargaric acid is an acid with a simple (straight) chain. Yield: 63 per cent 
of the theory. 

A procedure given by Levinstein * relates to the production of 
compounds from hydrogenated saponifiable fats or oils and to the 
production therewith of compositions from waxes, fats, oils, or the 
like, which are soluble, miscible, or emulsifiable in water without the 
addition of alkali. 

The compositions obtained are .stated to be valuable in the preparation and 
treatment of leather, and in the textile industries, as special finishes. 

Tn carrying this method into effect, hardened oils obtained by the hydrogena- 
tion of saponifiable fats or oils, such, for example, as hardened fish oil or hard- 
ened linseed oil, are treated under certain conditions with sulphuric acid. The 
sulpho compounds so obtained have the property of making mineral and other 
waxes, oils, fats, or the like soluble, miscible or emulsifiable in water. 

In order to obtain these sulpho compounds, hardened linseed oil, for example, 
is selected, and after melting is treated with sulphuric acid until a sample 
from the mass gives an emulsion with water, or until a washed sample practi- 
cally dissolves in arnmoniacal water. The mass is then poured into water pre- 
viously heated to 30® C., when the .sulpho compound will separate in the form 
of a white pulpy mass. 

The following is an example of how a sulpho compound may be produced 
and how such compound may be used to produce a soluble composition with 
mineral wax: 

One hundred parts of hardened linseed oil are melted and then cooled to 
about 35® C. under agitation. Twenty-five parts sulphuric acid (100 per cent 
112804 monohydrate) arc then added gradually and the temperature is kept 
between 40® to 45® C. until a washed sample is practically soluble in hot water. 
The whole is then run into a salt solution (10° Tw.) which has been heated to a 
temperature of 30® C., is well stirred, and then allowed to settle, after which the 
salt water is drawn off. The washing with salt water is again rej)eated until 
the mineral acid has been removed, or the mineral acid may be neutralized 
with alkali. The sulpho acid of hardened linseed oil, thus obtained, when 
melted and mixed with equal parts of paraffin wax gives a composition which 
is practically soluble in hot water without the addition of alkali. 

The hardened oils can be sulphonated when mixed with oils or greases, but 
the property possessed by the product of making waxes miscible or soluble or 
emulsifiable in water without neutralizing the sulpho acid or without any addi- 
ton of alkali, appears to be to some extent diminished, f 

Experiments on the catalytic hydrogenation of two kinds of oil 
from the French colonies, namely, “ Karite of French West Africa and 

* U. S. Patent No. 1,185,414, May 30, 1916. 

t British Patent No. 16,890, July 16, 1914; J. S. C. I., 1916, 913; Chem. Abs., 1916, 

288. 
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** Aouara of Guiana have been carried out by Heim and Hebert.* 
Karite (Butyrospermurn parkii) butter and fat of Aouara nuts 
mixed with catalyzer were placed in flasks and pure dry hydrogen 
was passed through at a pressure of 1 to 2 cm. of mercury above 
atmospheric pressure. The process was carried out at 50° and also 
at 180° to 200° for twelve hours with (constant agitation. As cata- 
lyzers reduced platinum in the proportion of 1 per cent and reduced 
nickel, 5 per cent, were used. At the end of the process the mix- 
ture was dissolved in benzine and the fat obtained by evaporation. 
Results are given in the following table rf 


Treatment. 

Karite Butter, 

Fat of Aouara Nuts, 

Melting- 

point 

! Iodine 
Value 

Melting- 

point. 

Iodine 

Value. 

Initial 

.32° 

65 6 

30° 

9 5 

After hydrogenation with Pt. at .50° 

35° 

57.6 

30°-31° 

9 2 

After hydrogenation with Pt. at 180°-200°. 

67°-68° 

16 0 

32° 

8 1 

After hydrogenation with Ni at 50° 

34°-.35° 

48.0 

30°-31° 

9 0 

After hydrogenation with Ni at 180°-200° 

69°-70° 

9.6 

0 

CO 

6 7 


Padoa and Dalla t describe a process of deodorizing and decolor- 
izing chrysalis oil by passing a current of air or hydrogen or a mix- 
ture of these gases, at 140° to 250°, through the oil, to which may be 
added a catalyzer. The dccolorization of the oil, which becomes 
brown as a result of the treatment, is effected by shaking with 
dichromate and H 2 SO 4 . The oxides of nickel, cobalt, iron, manga- 
nese, copper, lead, cerium, etc., are specified as suitable catalyzers. § 

Schmitz II reports that the hydrogenation of crude naphthenic 
acids, employing a catalytic agent, did not affect the odor or prop- 
erties of these acids. 

Lubricants Containing Hardened Oil 

r Krist If has supplied the following formulas which he states were furnished by 
Georg Schicht A.-G., Aussig. 

♦Miniature des Colonies, Bull, de I’OfRce Colonial 50,8, 238-44, 1915; Bull. Agr. 
Intelligence 6, 1247-8, 1915. 

tChem. Abs., 1916, 1106. 

t Italian Patent No. 138,942, May 5, 1914; Chem. Abs., 1915, 2822. 

I See also Tsujimoto, Chem. Ztg., 1914, 110. 

II Mat. grasses, V, 4115; J. S. C. I., 33* 684. 

i Seifen. Ztg., 1913, 776. 
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1. Very consistent and uncolored compound for heaviest types of machinery. 

40 Kilos hardened oil (Talgit); 

3 5 Kilos caustic potash solution 50° Be; 

13 Kilos caustic soda solution 37° 

75 Kilos American mineral oil sp. gr. 0.870. 

2. Colored compound for heavy machinery. 

40 Kilos hardened oil (Talgit); 

3 5 Kilos caustic potash solution 50° B6; 

13 Kilos caustic soda solution 37° B6; 

150 Kilos mineral oil (0.870); 

15 g. Chinolin yellow (fat soluble). 

3. Grade for lighter machinery. 

40 Kilos hardened oil (Olinit); 

3.5 Kilos caustic potash solution 50° B<5; 

13 Kilos caustic soda solution 37° B6; 

150 Kilos mineral oil (0.870); 

20 g. Chinolin yellow (fat soluble). 

Brooks * describes a process of manufacturing hydrogenated rosin 
having many of the properties of common rosin such as solubility 
in varnish solvents and saponifiability or soap-making properties 
but differing from ordinary rosin by possessing a substantial stability 
and diminished oxidizability as evinced by giving a lessened absorp- 
tion of iodine or bromine. Varnishes can be prepared from the 
treated rosin which do not crack and fissure upon standing and soaps 
or soap compositions, sizes, etc., may be prepared from it which do 
not yellow with age. 

It is stated that ordinary rosin or colophony, although often used in 
the manufacture of cheap low-grade varnishes, enamels and the like, gives 
varnishes which, in time, crack and fissure or “ craze.’' Rosin makes an un- 
usually lustrous varnish film, and if it were not for this lack of permrnence it 
would be a highly desirable varnish resin. In other uses, rosin displays the same 
tendency to alteration and deterioration with time. Rosin soaps are not per- 
manent but become yellower and harder on keeping. In one of the most exten- 
sive uses, sizing paper, the same tendency obtains. This lack of permanence is 
stated by Brooks to be largely due to the fact that rosin is an unsaturated body 
and, therefore, tends to oxidize when exposed to air, in the way in which it is 
exposed in a varnish film, in a body of soap or as the sizing in paper. In the 
case of rosin size in paper the oxidation not only affects the size itself but the 
paper as well; probably because of the development of peroxide, formic acid, 
etc. Rosin-sized paper, particularly if exposed to light and air, in time becomes 
friable and yellow. By combining or saturating the rosin with hydrogen, a 
material is obtained which displays all the valuable properties of rosin as regards 
the making of high luster varnish films and the preparation of soap while it no 

* U. S. Patent No. 1,167,264, January 4, 1916. 
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longer has the undesirable property of lack of permanence or stability when 
exposed to the air. This stabilised rosin or colophony when converted into 
varnishes is claimed to give a high-grade varnish in lieu of the ordinary low- 
grade article; a varnish film which is permanent in air, and at the same time of 
good appearance. It is also adapted to make a better grade of soap and a higher 
class, more permanent paper size. 

Brooks observes that abietic acid, or the acid of rosin, appears to hydrogenate 
in stages, there being a first absorption of hydrogen which is more energetic 
than the later absorption. This first, easily hydrogenating stage corresponds to 
the highest oxidizability and if the hydrogenation be carried only to the end 
of this first stage the rosin loses most of its alterability in air. 

While the addition of hydrogen to the rosin may be performed in many ways: 
a simple method of procedure is to reduce the rosin to a fluid state by heat, 
stir in 3 per cent of freshly-reduced nickel and expose the mixture to an atmos- 
phere or current of hydrogen. Any suitable stirring or agitating means may be 
used to produce intimate contact of the mixture of rosin and catalyst with the 
hydrogen gas. A temperature of 180® to 230® C. is suitable for this operation. 
The progress of the reaction may be followed by watching the gauge pressure 
where the operation is performed under pressure. When the pressure, as indi- 
cated by the gauge, ceases to diminish with comparative rapidity, that is, the 
rapidity of absorption of hydrogen slackens, the first stage of saturation is over. 
After this time there will be a slower diminution of pressure. The treatment 
may be carried to a point where the iodine absorption shows no further sub- 
stantial reduction on continuation of the treatment or to the point where the 
iodine number disappears altogether. 

Instead of using nickel, other metals such as cobalt, copper or iron may be 
employed, but these other metals are not quite as effective as the nickel. Which- 
ever metal is used it is best reduced from an oxide formed from its nitrate, 
reduction being by a current of hydrogen at a low temperature; a temperature 
not markedly in excess of 200® C. and advantageously lower. Instead of using 
these metals, their oxides may be employed, but in this event it is desirable to 
perform the treatment with hydrogen at a somewhat higher temperature, say 
about 240® C. 

The catalyst may be used with any of the usual carriers such as kieselguhr, 
or asbestos, etc., to increase the contact surface. 

“ Impregnation ” with hydrogen may usually be accomplished in about three 
hours at 200° C., using freshly reduced nickel. 

In lieu of simply melting the rosin, a solvent may be used as a vehicle for 
the rosin and catalyst; such as alcohol or a good grade of kerosene. 

Instead of using the stated metals, or their oxides, colloidal palladium (or 
■palladium chloride) or other platinum group metal, may be used. Palladium in 
the, colloidal or spongy condition is stated to be an advantageous catalyst. In 
using colloidal palladium, hydrogenation may be performed at the ordinary 
tempemture or slightly higher, the rosin in this case being maintained in a fluent 
condition by the use of an appropriate solvent, such as alcohol, benzol, gasolene, 
toluene, etc. Colloidal palladium may be directly formed in or added to the 
rdsin solution or it may be produced in an oily carrier and then added to the 
Bohition of ro^.' Or a water solution of coUoidal palladium may be agitated 
with a solution of rosin in a suitable solvent in the presence of hydrogen until 
the desired degree of saturation is effected. 
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Similar resuHs to those given by colophony may be obtained upon hydrogena- 
tion of many other resins known as varnish “ gums ” and in use for making 
varnish. It is claimed that tlie hydrogen treatment much improves their sta- 
bility and quality. Among other resins which may be improved by hydro- 
genation are Pontianak and guayule resin. 

When using iodine to control the reaction, a convenient form of test is the 
Harms method of determining the iodine numl)er. Brooks states that ordinarily 
he carries on hydrogenation till the resultant product shows an iodine value 
of 20 or less by the Hanus method.* 

Hydrocenated Oil in the Tanning Industry 

Hydrogenated oils arc now being used by tanners for stuffing 
leather and other purposes. Fish and whale oil are especially suited 
for this purpose. A product low in fatty ardds is desired, as any 
large amount of free, fatty acid is regarded by the tanner as likely 
to cause the leather to spue. 

A i)apor by Lumbard before the American Leather Chemists’ Association, 
Chi(;ago, Octol)er 30, 1014, f and i)rescnted by Dr. Rogers contains the following 
discussion on the hydrogenation process and refers particularly to leather man- 
ufacture. 

It IS everywhere known that those industries which work up fats have been 
seriously u])set for many years by the (;onsiderabIe advance of prices of raw mate- 
rials. The rapid development in the manufacture of fats for nourishment, espe- 
cially, has made solid fats so scarce and expensive that the soap industry which 
absolutely requires solid fats for the manufacture of solid toilet and household 
soap, have found it very difficult to get the necessary raw materials. As there 
are still large quantities of liquid fats obtainable at quite low prices, it has 
consequently become a necessity to find a chemical method for the transforma- 
tion of the liquid raw materials into solid ones. The problem has been solved 
by the catalytic method of hardening fats. 

The liquid fats differ from the solid ones by the low percentage of hydrogen 
of their fatty acids, by the unsaturated character which besides the liquid con- 
dition involves still other properties, by the tendency to rapid oxidation in open 
air, by the dark coloring and by the disagreeable fish odor of the highly unsat- 
urated fish-oil fatty acids which hampers the possibility of employing fish oils. 

For more than fifty years the problem of hardening fats occupied chemists 
and manufacturers, but none of the many processes which have been suggested 
could be carried out in practice. 

With the development of physical chemistry, the science of the “ katalysa- 
toren ” has got footing, and after it had been -shown by the experiments of the 
French savants Sabatier and Senderens, that by the aid of nickel in a fine state 
of subdivision it is possible to join hydrogen to unsaturated compounds, W. Nor- , 
maim found that unsaturated fats or fatty acids, in which finely-divided nickel 
was suspended, could be made to unite with hydrogen. In Germany the process 
of Normann for a long time did not attract any attention, but it was taken up 

♦ See also U. S. Patent Nb. 1,249,050 to Ellis, 
f J. A m . Leather Chemists, Association, 1915, 80. 
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by the English firm of J. Crosfield & Sons, and perfected in a few years to an 
important technical process which supplied in 190(5 many tons a day. 

The German patent passed on to the Naamlooze Venootschap Anton Jurgens, 
who established in 1911 the Germania Oelwcrko, where to-day 1(X) tons of 
liquid fat, mostly fish oil, are being hardened every day. 

A great number of patents have been asked for the employment of the nickel 
method, which, however, in Germany are all dependent on the Normann patent. 
The most known of these proemses is the one of Wilbuschewitsch. After an 
arrangement with the Germania Oelwerke they now use their process for the 
manufacturing of hardened oils for food purposes. 

Besides the nickel method, another one developed from the experiments of 
Paal, which used palladium as a catalyzer. The addition of hydrogen in this 
case is done more quickly and at a lower temperature, and the products are very 
satisfactory, but in view of the high price of palladium eompetltion with the 
nickel method is impossible. 

Great attention has l)een called to a process of Erdmann and Bedford, in 
which oxide of nickel is substituted for nickel. I'hc oxide of nickel seems to l)c 
more insensible toward the soilings of the oil and the hydrogen than the melal 
in fine distribution. This process has been also perfected in England. A fac- 
tory in Germany, the Oelwerke Hydrogen, will start manufacturing within a 
short time. A heated dispute, which is not yet decided, is (larried on about the 
question whether in the Erdmann process also, nickel is the effective catalyzer, 
as is supposed by Normann, or whether the conception of Erdmann is right, 
who says that the oxide of nickel is being reduced to suboxide, which acts as a 
catalyzer. A German patent for the nickel oxide method has just been granted, 
after the English patent has been in force for several years. 

A number of other processes are based uiK)n nickel compounds, which, during 
the treatment with hydrogen are transformed to nickel. The method of Wim- 
mer-Higgins, for the exploitation of which the Fettraffinerie A. G. at Brake has 
put up a factory, is using esiwjcially fonnate of nickel. This method is also 
closely connected with the one of Normann. 

The hardened fats, hardened fish oils, linseed oil and cottonseed oil are to-day 
used to a very large extent for soap manufacturing, on account of the superior 
foaming properties, in conjunction with other fats. 

For the manufacturing of edible fats, the hardening of fats is of utmost 
importance, because by the aid of this method it is possible to use vegetable oils 
in place of animal fats, after the former have been hardened to the proper 
melting-point. 

Manufacturers, however, on principle, do not use hardened fish oil for food 
products, in order not to give the producers of natural butter any more topics 
to agitate against margarine, although the production of butter in Germany is 
not sufficient by far to cover requirements. 

In a general discussion which followed, Lumbard stated that the reason he 
wanted to call the Leather Chemists’ Association’s attention to this product which 
he had brought over from Germany, was, that in his trip to Germany he visited 
many tanneries, and saw these products in actual use, especially solidified linseed 
oil, of which they used a good deal in dressing patent leather. They were also 
using quantiities of solidified cottonseed oil. He saw it being used for replacing 
the old-fashioned saponified linseed oil, which they used as a top dressing in their 
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patent leather. And they have practically replaced the raw linseed oil they pre- 
viously used with this solidified linseed oil. Cox said some experiments had been 
carried on with a hydrogenated linseed oil from England. It can be used as a 
fat-liquor up to about 9 per cent, and still japan can be put on top of it without 
degreasing it, and the japan not loosened. Yocum inquired if it were possible to 
use hydrogenated oil to the extent of 9 per cent of the weight of the leather and 
still be able to japan, and in reply to this Cox stated that the hydrogenated oil is 
sulphonated, which affords a solid product of comparatively high melting-point 
and could be used in a leather which is non-degreased. Leather will carry 9 per 
cent of the oil and show no objectionable grease. Faust inquired if Lumbard had 
visited any harness leather tanneries and whether hydrogenated whale oil was 
being used as a stcarine substitute in Germany. To this Mr. Lumbard responded 
that it was not being used exactly as a stearine sub.stitute, but to replace many of the 
ods such as moellon. In conjunction with stearines and tallow it has better carry- 
ing (qualities, absorbing and carrying the greases in better, so the tanners stated, 
and it leaves the flesh very clean. It has been adopted for dressing, for instance, 
on satchel, bag and case leathers, because in dressing with it, it does not run. It 
is about of the consistency of a very heavy butter, and when it is subjected to heat 
becomes limpid. They then mix it with a little sulphonated oil to make it flow 
and when the leather is hung on the hooks they claim that it docs not drip, that 
the absorption of the oil is clean and clear, and that it does not run to the skirts 
as so many free-running oils do. So on all those harder leathers it has been used 
to a great extent, and also on harness leather. Cox staled that with this oil it is 
possible to make an emulsion and take sole leather of very light color, dip the leather 
into it, and have the leather dry out without any loss in color. Saxe made the 
ituluiry whether fish oil or vegetable oil was preferred for patent leather and Lum- 
bard stated that fish and linseed oil were preferred to cottonseed oil, the reason 
given being that the cottonseed oil hardened more than other oils. The most satis- 
factory oil of all is the hardened fish oil. In answer to an inquiry by Mr. Yocum 
regarding the possibility of sulphonating the oil and then hardening it to bring it 
up to the requisite condition, Lumbard stated that in Germany it was the custom 
to blend hardened oil with sulphonated oil to produce an emulsion and use it in that 
form as a fat liquor. Cox stated that it was perfectly possible to take one part 
of the sulphonated hydrogenated product, combine it with four parts of a fat such 
as stearine, melted, and have it form an emulsion, then put the leather in it, hang 
up while still wet, and the stock would come out without any discoloration. 
Lumbard stated that what interested most of the German tanners in this product 
is the fact that when combined with the sulphonated oil, the linseed oil being a very 
drying oil, will carry into the leather and it leaves the surface absolutely clean and 
free from any fats that may come up during the process of baking in the ovens 
Ordinarily unless the leather is degreased, the first coat has a tendency to peel. 
They do not experience any of those difficulties in the use of this hardened linseed 
oil. Yocum inquired if hydrogenated linseed oil still retained the property of 
drying and if it could be boiled into a sweetmeat or varnish, to which Lumbard 
responded that they did not use the hydrogenated linseed oil for boiling varnish. 
When this oil is blended with a sulphonated fish oil, which they use considerably 
in conjunction with it, he said it seems to lose considerable of the oxidizing effect, 
that the original linseed oil would have. It leaves the surface very clean. The 
oil does not flow out, it does not come out in the heat of the ovens, especially under 
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a temperature of 140 degrees, to which they subject leather in their ovens. They 
follow up the primary coat with a collodion coat, and it is said that the collodion 
coat adheres to the sweetmeat coat better where they use the solidified oil than 
where they use the free oil in fat-liquoring. 


Greases tor Stuffing Harness Leather, Belting and Other 
Heavy Leather 

For stuffing heavy leather, such as belting and harness leather, 
various greases are employed, tallow being frequently used for the 
purpose. The heavier grades of mineral oil are sometimes added to the 
stuffing grease. Leather of this character requires from 10 to 30 
per cent or more of stuffing fat and the general shortage of low priced 
fats renders any new source of fatty material of interest. Hence 
tanners have experimented extensively with hydrogenated oils, with 
generally promising results. The most useful fat is one having a 
melting-point of about 125° F. and containing not in excess of 2 per 
cent of free fatty acid. With higher percentages of fatty acid there 
is danger that the leather may spue. 

Preparation of Fatty Acids 

Starrels * prepares fatty acids by hardening a fatty oil to a high 
melting-point, as, for example, to about 60° or 62° ('., and an iodine 
number of from zero to 2 and thereby substantially completely con- 
verting the olein into stearine, also forming various isomers of high 
melting-point. 

The material is saponified by the Twitchell process or any of the other fat- 
splitting processes yielding glycerine and high melting-point fatty acids. The 
latter mixture is then dissolved in a solvent medium, as, for example, alcohol 
or gasoline, and, on cooling, the free fatty acids are separated in a state of purity, 
leaving in solution the greater part of the coloring agents. An example is the 
following: Corn oil was hydrogenated, using nickel catalyzer, until the melting- 
point was about 62® C. It was then subjected to the Twitchell process and the 
fatty acids obtained. These were brown in color. Approximately equal parts 
of denatured alcohol and the fatty acid were incorporated and heated to form a 
homogeneous solution which takes place rather readily at temperatures approach- 
ing the boiling-point of alcohol as the fatty acid is relatively solulfie in alcohol. 
The solution was cooled until practically all of the fatty acid had separated, 
when the material was pressed and a brown extract containing the hydrocarbons 
and coloring matters was removed leaving a white fatty acid of very high sapon- 
ification value and. acid number showing that the unsaponifiable material formed 
by hydrogenation had been eliminated. 

♦ U. S. Patent No. 1,209,512, December 19, 1916. 
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Proceeding along similar linos the fatty acids of cottonseed, fish, whale and 
other vegetable or animal oils may be treated to form high-grade fatty acids 
suitable for the manufacture of first-class toilet soaps. 

According to a method of the Reuter Process Co.,* in the pro- 
duction of fatty acids by boiling glycerides with organic catalytic 
hydrolyzers, the hydrolysis is effected in a number of stages, in 
each of which stages a fraction of the total amount of hydrol5^zer 
is added, the mixture being allowed to settle after each boil and a 
dark-colored intermediate layer of impurities is removed, after which 
more hydrolyz(ir is added and boiling resumed. Air is excluded from 
the saponifi(;ation tank. The fatty aedds thus produced, and soap 
and candles made therefrom, after aging for ten days after making, 
do not darken substantially in color on exposure to air and light. 
(llycerid(;s used in this proc^ess may be the following, separately or 
collectively: Beef and mutton tallows; horse, hog, and butter fats 
and their gi*eases; whale, menhaden, fish, (iocoanut, peanut, linseed, 
cottonseed, palm, palm-kernel, and soya-bean oils; and the hydro- 
genation produ(d-s of coiti oil, linseed and cottonseed oils, fish oil, etc. 

bchauth t calls attention to the advantages of the ordinary Varren- 
trapp reaction and notes that while the hydrogenation process pro- 
duces fats which can be employed in lathering soaps only by the 
addition of other fats and fatty acids that the product obtained by 
the Varrentrapp reaction is more readily available in soap making. 
He also suggests that the hydrogen formed during the Varrentrapp 
reaction be used for hydrogenation purposes. 

Highly hardened oil such as a thoroughly hardened cottonseed 
oil is used by Ellis i to produce a flatting effect in paint composi- 
tions so that the surface will dry to a matt finish. 

Hydrogenated castor oil is used by Cordes § as an insulating or 
impregnating material for telephone condensers. 

In manufacturing these condensers, long strips of paper are laid on strips of 
tin-foil, the two strips are then rolled up, and the coils thus formed are pressed 
into a rectangular shape and dried either with or without the use of a vacuum. 
The coils of paper and tin-foil are then mounted in frames, the frames with 
the coils thereon are placed in a vacuum-impregnating receptacle containing the 
hydrogenated castor oil and the coils are heated, for which purpose the recep- 
tacle has a heating jacket which receives steam at a pressure of about two 
atmospheres. The molten fat is in this way caused to penetrate between the 
paper and the tin-foil and the moisture is ex{x;lled by the heat in the form of 

* British Patent No. 9,394, June 26, 1915. 

t Chemical Eng. and Mfgr., Vol. XXIV, 1916, 204. 

t U. S. Patent No. 1,173,1S3, February 29, 1916. 

§ U. S. Patent No. 1,241,926, October 2, 1917. See also Nos. 1,276,507, 1,276,508 and 
1,276,509 issued August 20, 1918 to Ellis, 
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bubbles. The vessel is subsequently sealed hermetically, and the extraction of 
moisture continues until the last trace has been removed from the paper, this 
part of the process occupying from two to four hours. After the moisture has 
been thoroughly extracted, cold water is introduced into the jacket. Owing to 
the high dielectric; properties of the impregnating material, it is possible to 
obtain the same effects with condensers, which are only half as large as those 
necessary with the use of paraffin. 

In a study of corn oil with reference to its use as a substitute 
for olive oil in various unctuous preparations such as liniments, 
ointments, cerates, plasters and oleates, Lackey and Sa3rre inves- 
tigated the hydrogenation of com oil.* Apparatus was used as 
shown in Fig. 546. 



Fia. 546. 

Comparative tests on the hydrogenation of corn oil and similar oils of about 
the same iodine value were made. Nickel oxide was used as the source of cata- 
lytic material. A temperature of about 200° C. was used with hydrogen at 
50 Ib. jiressure. In six hours time a product was obtained from corn oil melting 
at about 30° C. The following table shows comparative results With cottonseed 
and corn oil: 


C0TTON8EKI) Oil 

Corn Oil. 

Time, Hours. 

Melling-point., ® C 

Time, Hours. 

Melting-point, ° C 

C 

35 

^2 

31 

10 

39 

7 

34 

7 

35 

7 

33 

3 

29 

3| 

23 


♦ J. Am. Pharm. Assn., Vol. VI, April, 1917, 349. 
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It is noted by Lackey and Sayre that the presence of the small amount of 
nickel remaining in the fat after filtration from the catalyzer is not of sufficient 
moment to interfere with, or he objectionable in, making most of the unctuous 
preparations referred to. One merit of the hydrogenated product is its keeping 
qualities. Lackey and Sayre have kept samples of hydrogenated corn oil for 
over a year which have not shown the least indication of rancidity. 

Hydrogenated corn oil when well hardened possesses the property of 
expanding on passing from the molten to the solid state and when run 
into barrels and allowed to solidify this form of hard fat has been 
observed to break the hoops of the barrels during t he period of expan- 
sion. In this respect corn oil resembles, in a lesser degree, highly 
hardened Chinese wood oil. (See page 361). 

Fox * note's that practically all the semi-drying oils (except Chinese wood oil) 
are capable of use for lubricants, as they can be hydrogenised and converted into 
non-drying oils. He prepared a lubricating oil from hydrogenised soya bean oil 
mixed with 14 per cent of mineral oil. A lubricating grease, similarly made, was 
used in the gearbox of a motor car for nearly a year. 

Ellis t incorporated hydrogenated oil and pulverulent material. 
The product may take either of two forms. (1) a solid cake or semi- 
solid coherent mass and (2) a comminuted or pulverulent product. 
The solid cake may be used for a variety of purposes such as buffing 
and grinding, lubricating, polishing and the like. A lubricating powder 
may be made, for example, from equal weights of hydrogenated oil 
and graphite. A buffing or grinding composition may be produced 
from hydrogenated oil and an abrasive powder such as crocus or car- 
borundum and emery. A tailor’s chalk may be made by melting 
hydrogenated cottonseed oil of m.p. 60° C. with a quantity of talc. 
Products in the powdered form containing hydrogenated oil and carbo- 
hydrates may be used for edible purposes. 

Referring to the imports at Pacific ports of dog-fish, halibut, salmon, sardine, 
shark, tuna fish, candle fish, walrus, whale, seal and porpoise oils, SadtlerJ states such 
oils have an added value since the general application of the hydrogenation process 
as they can be changed into hardened fats valuable to the soap and glycerine 
manufacturer. 

♦ J. S. C. I. 1918, 304R. 

t U. S. Patents Nos. 1,276,507, 1,276,608 and 1,276,609, August 20, 1918. 

t C:hein. Met. Eng. 1918, 558. 
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HYDROGENATION PRACTICE 

Whether or not the plant is to treat animal or vegetable oils, or 
fish oil, the following general procedure may be laid down for guidance 
in the equipment and operation of a hydrogenating works. 

The starting point is, perhaps, the preparation of catalyzer. Of 
course the procedure employed for its preparation depends on the 
type of catalyzer selected. Suppose nickel be chosen as the active 
material, to be used on a suitable carrier or supporting base. To this 
end a solution of a nickel salt, such as the nitrate or sulfate, is mixed 
in vats with the support, in the presence of a precipitant, or the 
Litter is subsequently added, and the material is well agitated. Solu- 
ble salts should then be removed by washing and the material dried. 
These operations may take place in a filter press supplied with air 
under pressure. The caked product should be ground in a ball or 
pebble mill until resolved into a fine powder. 

The catalyzer is now ready for reduction, which should be per- 
formed with extreme care as the entire oil-hardening process depends 
on the efficiency of the catalyzer. A simple and efficient type of 
catalyzer-reducing device is represented by Fig. 55. A is a brick 
structure which contains the reducing drum B. The latter is rotated 
by means of the sprocket C. are stuffing boxes which admit 

of rotating the drum without disturbing the gas inlet and outlet. 
The catalyzer is admitted and withdrawn through the gate G. The 
drum is filled about two-fifths full of the catalyzer and hydrogen 
passed in. When tests for oxygen show that all the air has been 
expelled the drum is heated to a temperature not exceeding 360° C. 
During reduction the hydrogen is passed through at a considerable 
rate in order to remove the steam formed, thus reducing the partial 
pressure of the latter and facilitating the reduction of the nickc 1 
oxide or hydrate. The gases issuing from the exit side of the drum 
may pass through a water seal and after purification may be returned 
to the gas holders to be used again. When the issuing gases are found 
to contain na steam the reduction is complete, the heating is dis- 
continued and the catalyzer allowed to cool in a current of hydrogen. 
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After cooling the catalyzer, the hopper shown in Fig. 55 is coupled 
to the flange of the gate G. The bottom of the hopper dips below the 
surface of oil contained in a receptacle beneath. Hydrogen is passed 
in at the valve J and the air is thereby expelled from the hopper. 
The valve of the reducing drum is now opened and the catalyzer 
allowed to fall into the oil with which it should be thoroughly mixed. 
Thus the catalyzer is effectively sealed from the air. 



This method of abstracting catalyzer from the reducing drum pre- 
vents oxidation of the nickel which occurs to a greater or less extent 
when the catalyzer is withdrawn in contact with the air. 

The catalyzer in oil may then be transferred to a large agitating 
tank in which oil is added in sufficient quantity to make the mixture 
contain the correct percentage of catalyzer. The contents are thor- 
oughly agitated and transferred to the hydrogenator where the actual 
hydrogenation takes place. 

Tall iron tanks may be used for this purpose, one type of which is 
shown in Fig. 56. The air in the hydrogenator is displaced by means 
of hydrogen and the mixture of catalyzer and oil pumped from the 
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agitator A into the hydrogenator C. The contents of the hydro- 
gcnator are heated to a temperature of 175° to 190° C. by means of 
superheated steam or hot oil coils, the latter being preferable owing 
to the danger of leakages of steam into the chamber. The tempera- 
ture of the contents of the hydrogenator should be registered by 
means of a reliable thermometer, preferably a recording pyrometer. 



The oil and catalyzer in the hydrogenator are circulated by means 
of the rotary pump E, which takes the liquid from the bottom of the 
hydrogenator and pumps it through the inductor I where hydrogen 
drawn from the gas space at the top of the hydrogenator is mixed with 
the oil. is a check valve to prevent oil from entering the tank 
through the suction tube in the event of the inductor suction nozzle 
becoming flooded. The mixture of oil, catalyzer and hydrogen is 
ejected through the distributor D at the bottom of the hydro- 
genator. 

The hydrogen inlet is provided with a safety device M and a 
pressure gauge Ps* 
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The pressure maintained in the hydrogenator is variable according 
to the oil under treatment and may range from atmospheric or less 
up to about 25 pounds.* The difference in the readings of the pres- 
sure gauges P 1 P 2 registers the suction of hydrogen at the suction nozzle 
of the inductor. Samples of oil may be withdrawn from time to time 
from the outlet Q. When the sample indicates that the oil has the 
required hardness the hydrogenator is emptied through the outlet V 
and the contents are run into large tanks which are heated by means 
of steam coils. From these tanks the mixture of oil and catalyzer is 
pumped into filter presses where the catalyzer is removed. The oil 
is finally run into cooling tanks where it solidifies to a hard fat ready 
to be made into lard compound, soap or other product. 

The transformation to olein of the glycerides of linoleic and linolcnic 
acids or other highly unsaturated acids usually does not result in any 
marked (diange in the; titer. As these bodies sometimes are, to a con- 
siderable extent, transformed into olein before olein becomes stearin, 
hydrogen will be absorbed by the oil without hardening, to a degree 
dependant on the proportion of these highly unsaturated bodies 
present. Often an hour or more is needed to bring an oil to the 
“ olein stage,” after which hardening will progress rapidly. 

Of course, the method given above is capable of many modifications, 
as oils of different character require different treatment and in con- 
sequence oftentimes call for equipment which varies considerably 
from that given by way of illustration. Catalyzers vary a good deal 
in their properties, and conditions which are suitable for nickel in 
some of its forms will not answer for palladium. A much lower 
temperature usually suffices when using the latter metal as a catalytic 
substance.f 

A simple type of converter now extensively used is shown in Fig. 56a. 
It consists of a closed tank equipped with a steam coil and stirrer. 
The vessel is charged with oil and catalyzer and the charge is heated 
to the requisite temperature when hydrogen is introduced by the small 
pipes in the bottom of the apparatus. The oil is stirred vigorously 
during the operation. Heat is developed m hydrogenating fatty oils 

♦ One of the difficulties met with in the handling of hydrogen has been the loss 
by leakage of the gas. Under pressure and at a temperature of 150® or 200° C., 
hydrogen is surprisingly penetrating. Autoclaves with welded seams are desirable 
for high-pressure and high-temperature work. Moving parts should be avoided as 
far as possible. 

t Reference is made to the chapter on catalyzers which gives much detailed 
information on the subject. Attention is, however, called to the existence of several 
patents covering certain forms of catalytic preparations. 



416 


THK HYDROGENATION OF OILS 


and when a considt'rablo quant i(y of oil is l)oing hardened, the heat 
of reaction may be not only suffic-ient to maintain the batch at the 
reacting temperature but may (wen cause the temperature to ris(^ too 
high, so that cooling is needed. This is especially noticeable with 



freshly-prepared catalyzer. Sometimes preliminary heating by steam 
to 100° to 120° C. suffices to start the reaction and the temperature 
rises rapidly. At 170° to 180° C. water may be passed through the 
coU to ^cvent overheating. 
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Fig. 56/^ — Shriver Filter Press for Filtering Hardened Oil. 

The filtration of oil to remove finely-divided nickel, especially when 
in a colloidal or partially colloidal condition, is aided by the addition 
of fuller’s earth, silex or some similar bulking material.* 

* U. S. Patent to Ellis, No. 1,158,004, Nov. 2, 1915. 
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THE HYDROGENATION OF PETROLEUM 

The hydrogenation of the unsaturated constituents of petroleum has 
proved to be a hiscinating subjec^t of research by chemists and the literature 
on this topic has been greatly augmented of late.* See pages 11 and 21 
for earlier data. 

The results of experiments by Winkler f on the problem of motor gaso- 
line are of interest. Winkler observes that California petroleum is one of 
the large sources for gasoline, and yet that probably 8() per cent of it is 
too thick for any explosive mixture and “ a sootless burn ” in the cylinder. 
To depolymerize the heavy hydrocarbon oils down to their simplexes 
somewhat analogous to the depolymerization of synthcti(i rubber back 
to isoprene- -the following experiments were carried out: 

First, by way of explanation, “ cracking ” of these oils by mere superheating, he 
states, has proved totally unprofitable in California factories; and so have all kinds 
of pyrogenic experiments in his laboratory (i.e., passing the vapors with hydrogen 
through hot tubes containing various metals). The results have not shown jiromise 
as the products go largely into the sludge in refining, and nave penetrating odors. 
The oils show great tendency to thicken when heated, especially in contact with 
various substances, as air, alkali, concentrated sulphuric acid, and various salts, as 
aluminum chloride. The best results, he notes, arc obtained by distillation in an 
atmosphere of hydrogen. In addition to the unsaturated cyclic bodies, and the 
sulphur and nitrogenous compounds, these oils contain benzol ring bodies with side 
chains, as the rnesitylenes, forming the turpentine substitutes. Asphalt occurs 
therein as a colloid,! and is eliminated at the start by fractional steam distillation. 
Winkler’s experiments are as follows: 

1. Effect of Corona. A glass tube 2\ in. diameter by 3j ft. long, wrapped with 
wire gauze, with a J-in. copper rod susiiended co>axially through its centre, was used 
as a hot vapor chamber, while at the same time the inside rod and outside gauze 
were kept at a potential of from 25,000 to 30,000 volts by dynamo and high potential 
transformer. When the room was darkened, a continuous bright bluish glow was 
evident throughout the tube, i.e., a corona. Through this glow (air removed) various 
California heavy distillates were distilled repeatedly, with a large excess of hydrogen 
(dry and moist), the object of the corona being to ionize the hydrogen. (The dielec- 

*Cf. Moore and Eglofif on “Fats and Fatty Acids from Petroleum," Met. and Chem. 
Eng., 1918, 309. also Bureau of Mines, Bulletin 149, Bibliography of Petroleum, 
by Burroughs. 

t J. Franklinlnst., 178, 1914, 97. 

i Z. Ang. Ch., 1913, 609. 


41S 



THE HYDROGENATION OF PElTiOLEUM 


419 


trie constants of hydrogen and hydrocarbon vapors and air were found to be not 
very different. ) Practically no change could be detected in the oils after repeated 
slow distillations through the above chaml)er. 

‘2. Effect of Arc. The Birkeland-Eyde process Wfis applied to these oils in an 
atmosphere of hydrogen. The oils, both liquid and gaseous, were passed through 
with increasing speed, to shorten the time in the arc. The carbons were hollow, 
and hydrogen was passed inward through both. They were kept cool by a water 
jacket. The results were variable, but in every case the oils were reduced to non- 
condensable gases and a cloud of fine carbon. 

3. Effect of Steam and Aluminum under Pressure. Very fine aluminum dust was 
mixed with various heavy California oils to a “suspension,” and these mixtures 
subje(!ted to a pressure of 110 lb. per square inch with steam in a heavy, specially 
construct, ed retort. They were also agitated, and at the same time heated to 
various temperatures (indicated by thermometer) up to their cracking points. 
The i)urpose of the aluminum and steam was to generate nascent hydrogen within 
the oil. A variety of attempts indicated no success. The aluminum was not amal- 
gamated. 

4. Effect of Reduced Nickel Oxide and Hydrogen on the Aerated Oil. According to 
Charitschkoff, better results at “ cracking ” Russiim petroleum were obtained by 
first oxidizing the oil.* Heavy ('alifornia oils were heated and aerated (by drawing 
air through them) for two or three days, to oxidize them and to generate petroleum 
acids (the jiurpose of this oxidation also being to introduce carboxyl groups, with 
the possibility of splitt ing out water with the hydrogen afterwards, and leaving the 
rest, of the broken molecule to unite with the excess hydrogen). The aerated oils 
were subjected to the action of reduced nickel oxide and hydrogen (said to be 
least sensitive to sulphur compoimds, f but without success. Iodine was substi- 
tuted for the nickel oxide with no better results. 

5. Effect of Rhodium Black and Hydrogen. First, active platinum black, made 
according to the Loew process, % has been shown to be a good catalyst to hydrogenate 
pure benzol and pure benzine. It is, however, poisoned by sulphur bodies. § Cal- 
ifornia oils contain sulfiliur, and do not hydrogenate under these conditions. 

Bredig has shown that rhodium metal acts as a catalyst to break down formic and 
acetic a(;ids to hydrogen and carbon dioxide, etc., and that sulphur bodies are favor- 
able to its activity. 1 1 Rhodium black was made (by the Loew process), and tried 
out on California oils under parallel conditions, but failed to hydrogenate in the 
least. 

Snellinglf is able to produce a high-grade petroleum, yielding substantial 
proportions of gasoline and kerosene fractions, from low-grade crude oils 
and petroleum products such as gas oil, by heating them to a temperature 
such that the vapors evolved will produce an added pressure of at least 
400 lb. per square inch, the quantity of liquid in the container being such 

♦ “Petroleum," 1913, 748. 

t Z. angew. Cheni., 1913, 561-606. 

t Ber. 23, 289. 

§ Ibid., 45, 1471. 

llOest. Ch. Ztg, No. 14, 1911, 266. 

t British Patent No. 18,419, Aug. 7, 1914; Chem. Abe., 1916, 388. Cf. O. P & Drug 
Reporter, Apr. 5, 1915, 33. Gasoline from Synthetic Crude Oil, by Snelling. 
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that it occupies not less than one-tenth and not more than seven-tenths 
of the total capacity of the container. 

The operation may be effected in the presence of a catalyst such as colloidal graph- 
ite, colloidal carbon (formed by producing an arc l^tween carbon i)oints immersed 
in the oil), or nickel or other metal in the colloidal form, or in the presence of gases 
and vapors such as hydrogen, natural gas, ethylene, oil gas, water-gas, or steam. 
Temperatures in excess of 380° and below 000°, preferably between 400 and 500°, 
are employed. Pressures between 600 and 800 lb. per square inch are preferred, 
though a pressure of 2400 lb. per square inch may be employed. A(!(iording to one 
method of treatment, the oil is heated until the pressure reaches 800 lb. per square 
inch, and is then allowed to cool. T’he i)ermanent gases are allowed to escape, 
and may be used for heating or for making propane or butane. The oil is fractionated 
up to 150°, and the residue is subjected to a further treatment. 

According to Oildom,* petroleuni and ot her heavy hydrocarbons arc 
cracked by heating them in a cracking-still, together with a catalyst, such 
as finely-divided nickel, and hydrogen or purified water-gas, with violent 
agitation. 

The vapors may be passed through a chamber, containing a finely-divided catalyst, 
such as asbestos, coated with nickel, on their way to the condenser. 

The heavy hydrocarbon is first purified from asphalt, sulphur, and other catalyst 
poisons, and is passed from the store-tank, together with hydrogen from a reservoir 
along a pipe, where it mixes with nickel from a shot-flask device, entering the still 
through a rose. The still is fitted with an agitator. The distillation is effected at 
about 300° C. and under a pressure of 5-l(X)0 lb. per square inch regulated by a 
weighted valve. The gases which escape from the condenser are burnt under the 
still, or, if rich in hydrogen, are readmitted to the still. The nickel i regenerated 
when necessary by washing it with benzol, calcining to oxide, converting into citrate 
or formate, and reducing with hydrogen at 320 to 350° C. Instead of providing 
the cracking-still with a large exposed upper surface, a reflux condenser may be used. 

Planes Limited f produce saturated lighter hydrocarbons from 
heavier oil according to the following method : 

The heavier oil together with nickel catalyzer and hydrogen or hydrogen-con- 
taining gas are run into a tall cracking still, the latter being provided with a stirring 
device. As the temperature rises pressure is developed to the desired point when it 
is relieved by a weighted valve into an expansion chamber. This chamber is fitted 
with shelves on which are placed catalytic material. The vapors from the still 
pass through tliis chaml)cr together with water gas and are saturated. They are then 
condensed. Oil, catalyzer and hydrogen are continuously passed into the still until 
the residues are too heavy to be further cracked, when they are removed and the 
catalyzer recovered. The waste gases may be returned to the still provided they 
are still rich in hydrogen. 

♦ Dec., 1914, p. 19. 

t British Patent No. 5,245, Apr. 1, 1914. 
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Mineral oils and residues arc treated for the production of lower boiling 
hydrocarbons by White * as follows: 

The oil or residue, with or without preliminary distillation, is distributed in a 
liquid state, and without the addition of steam, on to the surface of quicklime which 
has been heated to 500° to 600° C. in a retort or chamber. The vapors of lower 
boiling-point thus produced may be drawn off by suction and fractionated. Crude 
paraffin oil thus treated yields 20 to 25 per cent of hydrocarbons with fla8h-i)oint 
and boiling-point similar to those of gasoline. The lime may be regenerated by 
burning off the deposit of carbon, f 

By a process for eliminating sulphur from oil, advanced by Evans,! the oil is 
vaporized, mixed with 5 to 10 per cent of hydrogen, or with a gas containing hydro- 
gen, and passed over a heated catalytic or contact substance such as nickel deposited 
on fire clay. Hydrogen sulphide is formed, and may be removed. If the oil cannot 
be distilled, it may be heated in contact with the catalyst while hydrogen is passed 
through or over it. 

Porges and Stransky§ iiKTease the volatility of hydrocarbons in the following way : 
the vapors of the latter, mixed with steam, at a temperature below 600°, are brought 
into contact with metallic oxides such as the oxides of lead and nickel which function 
as cjitalyzers. A portion of the hydrocarbon is converted into carbon dioxide by 
reduction of the metallic oxide which is regenerated by means of air or oxygen. 

Chichibabin 1 1 suggests that the catalytic influence of metallic oxides and certain 
salts on the formation of sulphur and nitrogen containing substances and on the 
condensation of lower to higher hydrocarbons observed by Sabatier and by Ipatiew 
lends support to the hypothesis of the mineral origin of naphtha, there being an 
abundance of siudi (catalyzers in the bowels of the earth. As to the optical activity 
of natural naiihtha, it speaks neither for nor against this hypothesis, until its exact 
causes are learned. To assume that this activity is due to living forces is for the 
present unwarranted. 

Heyl and Baker H in their process of producing motor spirit, dissolve 
hydrogen in liquid fuels such as gasoline, benzine, or alcohol by spraying 
the liquid into the gas within a chamber supplied with a safety valve. 
The solution may be passed over cold or heated aluminum, nickel or other 
catalyst in a tube to aid the retention of the gas. In a smaller apparatus, 
twin opposing nozzles are used. 

In the manufacture of condensation products from unsaturated hydro- 
carbons Schering ** uses anhydrous inorganic chlorides, as catalyzers. 
These are allowed to act upon mixtures of paraffin hydrocarbons with 
hydrocarbons poorer in hydrogen which contain at least two double bonds. 
The reaction products of a previous run can be employed also as catalyzers. 

* British Patent No. 5,434, Mar. 3, 1914. 

t J. S. C. I., 1915, 651. 

t British Patent No. 22,147, Nov. 6, 1914; J. S. C. I., 1915, 1241. 

§ Italian Patent No. 142,453, May 30, 1914; Chem. Abs., 1915, 2814. 

II J. Russ. Phys. Chem. Soc., 1915, 714; Chem. Abs., 1915, 2489. 

t British Patent No. 11,756, May 20, 1913. 

** German Patent No. 278,486, May 24, 1913. 
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Franke * claims that, motor spirit, is obtained from peat tar by distilling 
up to 320° and redistilling the distillate, preferably after it has been puri- 
fied, up to 250°. The second distillation may be stopped at 170°, and the 
residue then heated up to 300° under pressure of 25 atmospheres in order 
to crack it. 

The cracking is accelerated by the addition of a catalytic agent capable of 
recombining with the oil, the hydrogen which is evolved in the cracking; pyro- 
phoric metals, such as iron, nickel, chromium and platinum are suitable for this 
purpose. The product of the first distillation is purified by treatment with 
oxidizing or condensing agents, preceded by the usual a(!id and alkali treatment. 
The oil is first treated with sulphuric^ acid, then washed and treated with a 
solution of caustic soda and again washed. Finally air is blown through the 
heated oil until it clarifies. Instead of oxidizing the residual phenolic compounds 
by treatment with air, manganese dioxide and sulphuric acid, or peroxides, i)er- 
sulphates, or chlorates, may be used, or condensing agents such as zinc or 
aluminum may be employed. The resinified phenolic compounds are removed 
by filtration before the second distillation. 

Holcgreber t obtains benzene by passing the vapors of petroleum or 
its distillates, together with hydrogen through a tube containing catalytic 
materials, and heated to 180 to 300°. Acetylene is said to be first formed 
and then become polymerized to benzene. Suitable catalysts are iron, 
copper, zinc, aluminum, nickel, cobalt, silver and platinum or mixtures of 
these metals. 

Ellis and WellsJ describe the results of experiments with several forms 
of tubular cracking apparatus and the hydrogenation of some of the 
products obtained. 

Using kerosene of 42° B. (sp.gr. 0.814) yields of gasoline (boiling-point up to 150° 
C.) of 18 to 20 per cent were obtained at 450° to 600° C. By distilling off the gaso- 
line and retreating the residue, and also scrubbing the gaseous reaction products 
with oil, yields of 40 to 45 per cent of gasoline were obtained. The gasoline was 
denser than normal gasoline of the same boiling-point, had a higher refractive index 
and was unsaturated; the iodine value of the distillation fractions was higher the 
lower the boiling-point, a fraction boiling below 70° C., for example, having an 
iodine value of abou 300. On standing for a long time the gasoline became darker 
in color, and when subsequently distilled, a violent reaction occurred at about 160° C., 
resulting in the production of a dark brown viscous oil. A similar reaction occurred 
at about 110° C. on distilling under diminished pressure (6 to 10 mm.). The vis- 
cous polymerized product reacted violently with sulphur and with sulphur chlorides, 
a viscous oily mass being produced. Hydrogenation improved the odor of the 
gasoline, changed the color from light straw-color to water-white, and destroyed 
the tendency to polymerize. 

British Patent No. 13,361, Juno 7, 1913. 
t British Patent No. 17,272, July 28, 1913. 

X J. Ind. Eng. Chem., 1915, 1029; J. S. C. I., 1916, 102. 
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Tinkler and Challenger * state that the objectionable smell of cracked 
oils is removed by hydrogenation. 

Danckwardt t produces gasoline from crude oil by introducing a spray 
of molten lead, alloy or fused sodium nitrate, caustic soda or other liquid, 
insoluble in the oil and not distilling at the temperature employed, into the 
vapor space of the retort, used and thence into the liquid in the retort. 
The added material is withdrawn from the retort and returned again to 
the retort after passing it through a heater. Vapor from the retort is 
continuously drawn off and condensed. 

Testelin and Renard t have proposed an apparatus for n aking volatile 
hydrocarbons from petroleum in the use of which the oil is passed under 
high pressure over refractory material such as clay which is maintained at 
a red heat. Steam is introduced with the oil. 

Moeller and Woltereck § crack heavy oils by mixing their vapors with 
highly superheated steam at substantially atmospheric pressure and 
passing the mixture over coke at a dull red heat (600° to 800°). The 
sulphur present in the oil is at the same time converted into hydrogen 
sulphide and is thus removed from the oil. The steam is superheated to 
700° to 800° in an apparatus which allows the steam to expand while it 
is being heated. 

A process for improving the quality of hydrocarbon oils is described by 
the Badische Company ||. The oils are decolorized and deodorized by 
treatirt^t in the fluid condition with hydrogen, at not above 200° C., 
at atmospheric or increased pressure, and in the presence of a catalyst, 
such as nickel, iron, cobalt or copper, or mixtures of these. 

The Badische Company If produces hydrocarbons, which are easily liquefiable, 
and oxygen derivatives of hydrocarbons by passing carbon monoxide and hydrogen 
mixed or not with other gases, in the proportions of at least two-thirds of a volume 
of the former to one volume of the latter, over a heated catalyst under a high pressure 
exceeding that of five atmospheres. In examples, ihe preparation of hydrocarbons 
boiling from 20° up to 250°, of olefines, paraffins, and benzine hydrocarbons, of 
alcohol, ketones, such as acetone, aldehydes such as formaldehyde, acids such as 
acetic and its homologues and other products are described. In some cases, a basic 
compound is added to the catalyst and mixtures of two or more catalysts may be 
employed. 

Brooks, Bacon, Padgett and Humphrey*'^' state that the effect of pressure 
in diminishing the per cent of olefines in the gasoline obtained is a note- 

* Chemistry of Petroleum and its Substitutes, p. 194. (See also pages 243 to 254.) 

t U. S. Patent No. 1,141,529, June 1, 1915; Chem. Abs., 1915, 1994. 

t U. S. Patent No. 1,138, 260, May 4, 1915; Chem. Abs., 1915, 1689. 

§ British Patent No. 16,011, July 19. 1913; Chem. Abs., 1915, 148. 

II French Patent No. 472,776, May 28, 1914; J. S. C. I., 1915, 540. 

H British Patent No. 20,488, Sept. 10, 1914. 

J. Ind. and Eng. Chem., 1915, 180 and 412. 
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worthy feature of their work. The same effect is very strikingly shown in 
the interesting results of Whitaker and Rittman on the effect of pressure in 
the yield of illuminants in oil gfis. At €00° C., Whitaker and Hitt man 
obtained from a given quantity of oil 122 liters of illuminants at 0.75 lb. 
pressure, 50 liters at atmospheric pressure and 15.5 liters at 45 lb. (abso- 
lute) pressure. They w(^re also able to show that at temixiraturcs of 750° to 
800° C. the addition of hydrogen to the giis mixture has the effect of par- 
tially hydrogenating the olefines and that this redaction takes place more 
readily as the pressure on the syshan is increased. Ipatiew * has rniide 
the interesting observation that, in th(^ distillation of petrokaim under 
pressure, at the higher pressure the (wolved guises become continually 
poorer in hydrogen in spite of the higher temperatures requinal to main- 
tain the higher pressures. The pressures employed by Ipatiew were 120 
to 340 atmospheres. 

The liberation of hydrogen from petroleum hydrocarbons at varioi s temperatures 
has been studied by Engler f and his students. They obtained no hydrogen below 
470° at atmosphcaie pressure from kerosene fracd-ions boiling below 280° C. TIk; 
liberation of hydrogen from different liydroc^arbons at a given temperature depends 
somewhat on their constitution. Thus, benzol yields appreciable (piantities of 
hydrogen only at temperatures above 500° C. 

The work of Brooks, Bacon, Padgett and Humphrey indicates that if hydro- 
genation of the liquid olefines takes place during distillation under pressure, it occurs 
simultaneously with their initial formation. A sample of cracked najihtha,, having 
an iodine number of 55.0 was heated to 19()° C. with hydrogen for thirty hours under 
3000 lb. pressure per square inch. Th(‘ iodine* number and refining loss with sul- 
phuric acid were praedically unaffected, the* iodine number of the final product being 
62.9. Results closely parallel to this we^n* obtained by Rhodes, working with liquid 
fatty oils. The apparatus employed was a steel bomb (connected with a solenoid 
stirrer constructed as described by Stuckcr and Enduli.f IJebbelohde and Woronin § 
showed that in the presence of nickel, hydrogen was split off from a Baku crude* oil 
at as low a temperature as 180° C. The results of Zelinski || with dehydrogenation 
at temperatures above 300° C. in the presence of platinum is to be expected. Ostro- 
misslenski and Bujanadse ^1 showed that in the presence of nickel a Russian crude 
oil gave only coke, 40 per cent, and gas at temperatures between 660° to 700° C., 
no tar or liquid being obtained at all. Furthennore, the gas contained 72 to 75 per 
cent of hydrogen and the remainder consisted of saturated hyrdocarbons. These 
facts are quite significant in view of the proposed cracking processes of Vernon Boys, 
Lamplough and others, who introduce nickel into the cracking zone. A series of 
experiments were made by Brooks, Bacon Padgett and Humphrey at atmospheric 
pressure and at temperatures of 500° to 550° C., employing various catalytic sub- 
stances. Kerosene and solar oil vapors passed through an iron tube containing 

♦ Bcr., 1904, 2969. 

t Engler and H(>f<*r, Das Krdol, 1, 574. 

t Zei schr. f. Eloklroch., 1913, 570. 

§ Petroleum, Berlin, 1911, 7. 

II Ber., 1912, 45, 3678. 

^ J. Rues. phys.-chem. Gee., 1910, 195. 
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burned clay, carbon, coarse and finely-divided iron, coarse and finely-divided copper, 
heated to the above-named temperature, yielded gasoline fractions, which showed 
an olefine content of apf)roximately 25 to 30 per cent. When nickel was employed 
the per cent of olelines in the gasoline product was 48 per cent. 

Humphreys * obtains low boiling hydrocarbons from liquid paraffin 
hydro(;arbons of petroleum which boil at 260° or higher by distilling a 
portion of the iKpiid under four atmospheres or higher ju’essure at a 
temperature of 340° to 455° in a still containing steel, brass or co{)per 
plates immersed in the liquid. The plates are stated to have a catalytic 
action in forming lighter hydrocarbons and about 65 to 70 per cent of the 
liquid treated is distilled off and condensed. 

A process and apparatus for co!j verting heavy into light hydro- 
carbons is described by Porges, Stransky a^’d Strache.f 
A mixture of the vaporized oil a. d steam is passed over a catalyst 
(iron oxide or oxide of a!;other metal capable ( f forming several 
( xides), whi:‘h is heated to 500 to 600° C., and light products arc 
formed. When the hydrooarbo :s begin to diminish the catalyst is 
regenerated by h('at,ing it in a curi’ent of air or oxygen. 

The Continental Caoutchouc and Gutta Percha Co.J: heat a mineral (41 
fraction of high boiling-point with a (*atalyst such as aluminum chlorid(i, 
with or without mercairic, fcn’i'ic, vanadium, or other chloride, or with 
aluminum in-^ strc'am of dry hydrocdiloric acid gas, or the )il is atomized 
and (ixposed to ult ra viol(4, rays or the silent electric dis(;harge in presence 
of a catalyst. The process is coritinirous. Gaseous products are obtained 
by heating to a higher temperature, and longer, in closed vessels. § 

Erooksll obtained from 3 to 20 per cent of gasoline, boiling below 150° C., 
by cracjking Texas solar oil (sp. gr. 0.8862) alone and in the presence of 
various contact substances, at temperatures betweem 400° and 600° C., 
at atmospheric pressure; the gasoline was highly unsaturated, the loss 
by treatment with con(!entratcd sulphuric acid averaging about 28 per cent. 
Various proposed methods of hydrogenation are also considered; the oil- 
steam iron process for hydrogenating olefines and preventing deposition 
of carbon is stated to be inadequate. 

The disagreeable odor of highly cracked gasoline was removed by treatment 
(desulphurization) with alkaline plumbite, • copper oxide, or metallic sodium. In 
experiments on t he distillation of heavy petroleum oils, mainly Oklahoma reduced 
oil, 30° B. (sp.gr. 0.875) under pressures up to 450 lb. per square inch, the yield of 

*U. S. Patent No. 1,122,003, Dec. 22, 1915; Chem. Abs., 1915, 374. 
t Britisli Patent No. 11,420, May S, 1914. See also U. S. Patent 1,205,578, Nov. 21, 
1910, to Strache and Porg(‘s. 

t French Patent No. 409,948, March 21, 1914. 

§ Chem. Abs., 1915, 19. 

II J. Franklin Inst., 1915, 180, 653; J. S. C. I., 1916, 102. 
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gasoline increased with the pressure, up to about 32 per cent at 250 lb., and then 
declined; the olefine content of the gasoline decreased as the pressure increased up 
to 200 lb. and then remained constant, this result being ascribed to polymerization 
rather than hydrogenation. As regards processes in which oil is cracked while in 
the form of vapor, it is pointed out that heavy oil can only be completely vaporized 
at very low pressures. Gasoline obtained by cracking the vapor of Oklahoma 
reduced oil under a pressure of 100 lb. per square inch, consisted chiefly of normal 
paraffin hydrocarbons but contained a})out 8 per cent of benzene, toluene, and 
w-xylene. The formation of aromatics hydro(5arbons rorn i)etroleum oils by this 
means is regarded as due to the splitting or cracking of high-boiling complex hydro- 
carbons containing the phenyl radicle (not to the dehydrogenation of naphlhalenes, 
formation of acetylene, and condensation of the latter to benzene, etc.), and evidence 
is adduced in support of this hypothesis. 

The Scientific American* ob.serves that an English company is securing a very 
large yield of gasoline from petroleum by catalytic hydrogenation. The method 
is practically the same as that recently applied in the conversion of liijuid fats to a 
solid form or to solid fatty acids with a higher value. A tall still with a conical i;ot- 
tom receives a steady feed of iietroleum and hydrogen gas under pressure. This 
mixture enters at the bottom and pas.ses over finely-divided nickel which catalytically 
brings about a reaction between the hydrogen and oil Gasoline is formed whic^h 
passes oflf as a vapor at the temperature of the still, while the heavier hydrocarbons 
formed fall back into the catalyst and react with hydrogen. I'lnally a tarry residue 
must be removed and the nickel regenerated. The issuing gases pass into a cooling 
chamber where the gasoline is condensed. The hydrogen unused up to that point is 
forced back and passed through the still once more. 

By a cracking process of Valpy and Lucas, f steam is superheated to a 
temperature slightly below the cra(;king-point and is sprayed into the oil 
in a still. The mixture of oil, vapor and steam is passed through heated 
catalyzing tubes of nickel, which may be packed with catalyzing material, 
and thence to a coil in the oil still where the heat of the ci acked vapor is 
utilized for heating the oil. The catalyzing tubes may be heated elec- 
trically, or by an oil burner, t 

A modification of this method of cracking oil of Valpy and Lucas, § 
consist in removing oil vapor from a still by means of steam or an inert 
gas under pressure and the mixture is brought into contact with a heated 
catalyst, such as nickel or one of its alloys, or nickel suboxide or oxide, 
and. the pressure of the mixture after leaving the catalyzing chamber is 
reduced suddenly. The light oils produced are condensed. || 

A catalyst for cracking petroleum oils descril)ed by Lucas is prepared 
by heating a mixture of oxides and oxalates of iron and nickel, chromium 

♦ May 23, 1914, p. 42.'>- 

t Britinh Patents Nos. 20,470, Sept. 10, 1913 and 2838, Feb. 3, 1914. 

t J. S. C. I., 1915, 71. 

§ British, Patents Nos. 12,653, May 22, and 18,923, Aug. 21, 1914. 

li J. S.C. I., 1915,707. 

% U. S. Patent No. 1,168,404, Jan. 18, 1916. 
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or cobalt to a Rini-cring tomporatiire with small amounts of carbon and 
aluminum, magnesium or cerium to rediu^e the metalli(^ compounds. Tlie 
metallic catalyst thus fonned retains its efficiency in continued use for 
cracking oils for a considerable time. 

For the production of light hydrocarbons from heavier oils and the like, 
Sabatier and Mailhe * recommend a two-stage method as follows: 

First stage; The vapors corning from solid or liquid hydrocarbons to be treated 
are dire(;ted against wires or metal tdades rendered incandescent by an electric 
current. The liquid to be converted, or its vapor, is brought into contact with them 
either alone or mixed with hydrogen or any gas rich in hydrogen. Wires of various 
metals (!an be employed, either platinum or nietal of the platinum series, iron, cop- 
per, cobalt, tantalum or any wires that can be rendered incandescent by an electric 
current, of any kind, or wires covered with catalyzing metals or oxides, such as 
oxides of thorium, zirconium, uranium, titanic acid or mixtures of these oxides. 
The temperature of the wires is raised by the passage of electric current from 300° 
to dark or bright red. The dissociation of hydrocarbon produc^ts into more volatile 
hvdro(!arbon products is the more complete, the greater the length of contact of the 
wires, or the surface of the catalyzing metals, or catalyzing oxides heated by wires 
through which an electric (Uirrent is passing. T'he output of volatile liquid products 
and of gas is the greater, the higher the temperature. At the outlet of the apparatus 
in whicdi the kerosene or heavy petroleum oils, have been exposed to the catalytic 
action, condensing apparatus is provided to eool the products of the reaction which 
comprise: 1 Hydrocarbon gases mixed with hydrogen, which can be utilized either 
directly for heating and lighting, or for explosion engines, or as compressed gases for 
lighting or for the manufacture of hydrogen by destructive distillation. 2. Liquid 
hydrocaifions distilling below 150°, containing non-saturated oxidizable hydrocar- 
bons which are treated in the second stage. 3. Liquid hydrocarbons distilling 
between 150° and 300°, which can either be mixed again with the original raw mate- 
rial, in order to be submitted to a new treatment, or submitted to the action of the 
second stage in order to render them suitable for lighting purposes. 4. Liquid or 
solid prodiKds which do not distil under 300°, and which must be mixed again with 
the original raw material, in order to be submitted to a new treatment. 5. Solid 
carbon substances which are separated. 

Second stage: The liquids which are volatile under 150°, as well as those which 
distil between 150° and 300°, are constituted for the greater part of non-saturated 
oxidizable hydrocarbons, which can be utilized immediately for explosion engines, 
lighting, etc., or converted into saturated hydrocarbons which are practically non- 
oxidizable in the air, by direct hydrogenation of their vapors by means of divided 
nickel or similar metals. In order to carry out this second stage, hydrogenation 
may be effected by using, in place of divided nickel or similar metals, a nickel wire, 
blade or tube arranged in the form of a spiral or net work, heated to a temperature 
between 200° and 350° by the passage of an electric current. Cobalt, copper, iron, 
platinum, or metals of the platinum series may be similarly employed. Divided 
nickel, copper, cobalt, iron, obtained by the reduction of their oxides; platinum in 
its various forms, or metals of the platinum group, supported on a metallic conductor 
also are recommended. 

*U. S. Patent No. 1.124.333, Jan. 12, 1915; Chem. Abs., 1915, 710. French Patent 
No. 475,303, Fob. 4, 1914; J. S. C. I., 1916, 34. 
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Sabatier and Mailhe,* in their process of (^rackinp; oils by passing oil 
vapors ov(T a catalyst at tenip(^ratures Ix^tween 400° and dark red heat, 
prepare tlu^ (iatalyst of finely-divided metal or met/als, or metallic oxides 
or salts that, can be reduced to form divided metal, together with neutral 
refractory substances free from silica and an agglutinant free from silica. 

Suitable refractory materials are magnesia, alumina, bauxite, lime, baryta, 
strontia, or the corresponding (iarbonate, or graphite. Suitable agglutinants arc 
glue, dextrin and starcih. Examples of such compounds comprise: (1) iron filings, 
magnesium oxide and dextrin; (2) oxide of iron, magnesium, bauxite and glue; 
(3) finely-divided iron, alumina and dextrin. The resulting compounds are moiild(*d 
and dried and jjacked into c.rac^king tubes comi)osed of metal or earthenware lined 
with a non-siliccous coating. When the catalyst loses its activity by reason of the 
deposition of carbon, it is revivified by the passage of steam, a gaseous mixture of 
hydrogen, carbon monoxide and carbon dioxide being prodm^ed. This gas can be 
utilized as a reducing agent or fuel, the carbon dioxide l)cing removed by washing if 
necessary. The metallic oxide formed by the steam, and the oxide used in making 
the catalyst initially, are reduced to metal by means of hydrocarbon vapors. The 
volatile portion of the products of the cracking operation, namely, that distilling 
bek)W IfiO®, is treated for the removal of the malodorous unsaturated compounds 
by reduction with hydrogen in the pre.sencc of finely-divided metals at 150° to 300°. 

Hall t cracks oils for the manufacture of motor spirit by heating the 
vapors of the heavy hydrocarbons under pressure in the presemex^ of a 
catalyst capable of affixing hydrogen to hydrocarbons, then allowing the 
vapors to expand and deposit (;arbon, and finally condensing the vapors 
with or without preliminary deplilcgmation or subsequent distillation. 

The operation may be conducted under a pressure of five atmosiiheres and at a tem- 
perature of 600® and upwards. Gas oil treated in this way yields 50 to 70 per cent 
of oil of sp.gr. 0.765 suitable for gasoline engines. Metals sucih as nickel, cobalt, 
silver, palladium, chromium or manganese, or their oxides, may be used as catalysts. 
In one form of apparatus the oil passes through a preheater into a converter consist- 
ing of tubes containing cylindrical nickel rods, and the products escape through a 
rcducing-valve into an expansion chamber, fitted with a metallic gauze screen and 
thence to a condenser. 

The unsaturated materials formed during the process are claimed to be saturated 
with hydrogen which is derived from the oil itself. No water, stciini, hydrogen or 
outside source of hydrogen is used, f 

In a paf)er by Hall on the cracking of oils read before “ The Institution 
of Petroleum Technologists/’ 1914, the utility of steam as a source of 
hydrogen in cracking processes involving passing oil through heated tubes, 
is discussed by Hall, who states: 

* British Patent No. 16,791, July 14, 1914; Chom. Abs., 1916, 273; U. S. Patent No. 
1,152,765; ChOm. Abs.', 1915, 2814. 

f British Patent No. 17,121, July 25, 1913; J. S. C. I., 1914, 1149. See also U. S. 
Patent No. 1,261, 9;i(), April 9, 1918; Chem. Abs., 1918, l597. 

,JU. S.^Fatont No. 1,175,909, March 14, 1916. 
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" As far as any advantage from the use of water as a hydrogenating agent is 
concerned, I am sure it is nil, whether with or without a catalytic combiner, and 
1 have operated fair-sized apparatus for weeks with nickel and other so-called cata- 
lyzers, first with and then without water, and we could never notice any material 
difference. If hydrogen without oxygen is utilized, l>etter results are obtained, but 
the expense appea:s to be prohibitive. With nickel rods in the tubes, and with 
water used with the oil, I have found the rods so heavily coated after a six- or eight- 
hour run, that the coating could only be removed by buffing. It was impossible 
in any way to wipe it off. The substitution of copper for nickel rods gave equally 
good results. In large tubes, 1 in. or more, water in excess of 8 per cent or 10 per 
cent is utterly impracticable, if the process is conducted under pressure, and at any 
rate of feed that would be commercially economical, as no uniform pressures can be 
maintained.” 

Hall further states that * the admixture of water or steam with the oil 
during craeldng neither prevents de(;omposition of carbon nor promotes 
hydrog(ination of the unsaturated hydrocarbons. The latter, in large 
proportion, are objectionable in cra(;ked spirit mainly because of the 
n^sinous carbon colloid with which they arc usually associated and which, 
by oxidation, tends t-o form a vamish-like product detrimental to the work- 
ing of motor engines. Owing to the combination effected in the com- 
pmssor bet ween tlie condensable vapor and the fixed gases, the spirit 
obtained by Hall’s method is stated to be largely free from this objection. 

Hy another modification of the Hall process f motor spirit is produced by passing 
a kerosene fraction boiling up to about 220°, from which the gasoline has been 
removed,** between minute interstices under very high pressure, such as 1000 to 3000 
lb. per square in(;h, in the presence of hydrogen, coal gas, or other gas containing 
free hydrogen or a hydrocarl)on gas such as ethylene or oil gas, and at a temperature 
not above the lowest boiling-point of the liquid, e.g , 100° to 120°. Combination 
of the gas and oil is said to take place. Suitable apparatus comprises a series of 
discs or plugs, preferably nickel between or through which the liquid is forced. The 
discs or plugs may be scratched to form fine grooves, f; 

Lamplough § comments on the relative value of various catalysts em- 
ployed in bringing about reaction between the vapors of oils and water. 

He states that burnt clay or aluminum silicate, which has frequently been rec- 
ommended, is very slow in action and is open to the objection that the clay is apt to 
become clogged by deposition of tarry masses which can be removed only with great 
difficulty. The use of iron as a catalyzer is stated to be open to the objection that 
if the wai-er vapor is used in excess the iron will rust and become unsuitable for 
use. Nickel in the form of fine particles is similar to clay with respect to becoming 
coated with partiedes of tarry or carbonaceous matter. On the other hand nickel 
in the form of a compac^t metal has been found by test to remain free of carbon 
deposits, while exhibiting the desired catalytic effect. 

* J. Inst. Petrol. Techn., 19ir>, 1, 147; J. S. C. I., 1916, 296.* 
t British Patent No. 103,720, Mar. 4, 1916; Chem. Abs., 1917, 2043. 
t See French Patent No, 481,066, Feb. 25, 1916. 

§ U. S. Patent No. 1,229,098, June 5, 1917. 
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A fuel suitable for use in automobile engines is obtained by Higgins and Preston * 
from heavy hydmearbon oils by heating them in a converter under pressure to a 
temperature sufficient to volatilize the heaviest constituent of the oil, passing the 
vapors alone or with hydrogen gas over a catalyst, and condensing them in contact 
with the catalyst. The apparatus comprises a converter fitted with a pressure- 
regulating valve which is kept closed until the requisite temperature is reached. 
After the valve is opened, the vapors, together with hydrogen admitted into the 
converter, pass to a condenser which contains a cartridge of catalyst. The (catalyst 
may consist of nickel oxide and pumice stone. The process may be applied to the 
treatment of shale oil, crude benzene, crude naphtha, crude tar oil, or paraffin oil, 
or to mixtures of crude tenzene with crude naphtha, paraffin oil, or coal-tar oil. 

A process of making gasoline from heavier oils by cracking is described 

by Low. t 

In one form of this process the oil to be cracked is sprayed into contact with a 
heating element which may carry a catalytic body. Iron, nickel, cobalt and copjier 
are mentioned for this purpose. The spraying operation may be carried out in a 
closed vessel in an atmosphere of hydrogen or blue water gas. Under such condi- 
tions it is stated that unsaturated compounds may be converted into saturated com- 
pounds. A hot nickel surface in a hydrogen-containing atmosphere is particularly 
advantageous in causing the formation of saturated gasoline from heavy oils pro- 
jected against such surfaev^. 

According to a process devised by Wells J directed to the production of 
gasoline from heavier petroleum products, oil vapors are conductt‘d into a 
bath of molten lead, which is heated to alx)ut 480° to 540° C. and violently 
agitated by mechanical means at the moment of contact. § 

Wells 11 also recommends the following cracking process: Preheated 
kerosene or a heavier petroleum oil is fed through a hot cracking chamber 
filled with jackstones coated with nickel or other catalyst and the crude 
gasoline thus formed is preferably refined by a further treatment with 
hydrogen and a catalyst at a temperature of about 240°. 

In cracking petroleum oils in the presence of hydrogen, Whitaker and 
Leslie If have reached the following conclusions: 

’ 1. That effects often ascribed to catalysis are in reality due to effective 
heat transfer by conduction and convection from the large heated sur- 
faces exposed to the gases. 

• 2. That hydrogen is produced from an oil even when the cracking takes 
place in hydrogen. 

3. That considerable absorption of hydrogen takes place when an oil is 
cracked in an atmosphere of hydrogen, and this absorption is greater the 

* British Patent No. 2.3,876, Dec, 10, 1914; Chem, Abs., 1916, 1694. 
t U. S. Patent No. 1,192,653, July 25, 1918. 
t U. S. Patent No. 1,187,874, June 20, 1916. 

§J. S: C. I., 1916, 883. 

II U. 8. Patent No. 1,248,225, Nov. 27, 1917; 
t J. Ind. Eng. Chem., 1916, 694. 
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higher the concentration of hydrogen, the higher the temperature (within 
the range studied), and the lower the oil rate. 

4. That no marked and consistent difference in the amount of tar formed 
when an oil is decomposed alone or in hydrogen at temperatures of 723° C 
or below is noticeable. At 825° C. less tar is formed when the oil is cracked 
in hydrogen. The tars formed below 723° C. are in large part unchanged 
or partly changed oil, whereas those tars formed above 800° C. are essen- 
tially composed of synthetii; products. 

5. That the reactions which result in decreasing the proportion of 
illuminants are the most rapid. 

6. That the presence of hydrogen during the decomposition of an oil 
has the effect of increasing largely the proportion of the carbon of the oil 
appearing as hydrocarbons in the gas. 

7. That with correct dc^sign of apparatus, and proper adjustment of 
temperature, rate of oil feed, and concentration of hydrogen it is possible 
to obtain gases of widely varying compositions. 

A method of cracking heavy hydrocarbons in the presence of hydrogen, 
proposed by Bergius* involves treatment in an autoclave at a temperature 
below 500 and under a pressure of over 20 atmospheres in order to obtain 
light hydrocarbons in the form of saturated benzine, f As an example^ 
11 kilos, of gas tar are heated with hydrogen at 100 atmospheres pressure, 
to 400° C. After four hours the mass is distilled at about 250° C., and 
about 60 per cent of distillate resembling petroleum oil is obtained, which 
can l3e further treated by rectification, t 

A most interesting and ingenious method of hydrogenating coal is 
described by Bergius and BiUwiller.l These investigators find on heating 
coal with hydrogen to a temperature between 300° and 500° C., involving 
pressures up to 200 atmospheres, the hydrogen combines with the coal, 
forming hydrocarbons which are liquid at ordinary temperature or have a 
low;.. Only a very small amount of methane is produced. 

ThUB, they obtain distillates from coal amounting to nearly 100 per cent 
of the carbonaceous substance, whereas by the usual method of distilling 
coal the liquid products usually do not exceed 3 per cent. The nitrogen 
contained in the coal is transformed into ammonia. Some bodies of the 
phenolic type are produced. The reaction is shortened if a solvent such 
as benzene is employed. The process is applicable to the treatment of 


♦ Austrian Patent No. 71,208, June 26, 1916; French Patent No. 470 651 Apr 6 1914- 
J. S. C. I., 1915, 167. • • • 

t British Patent No. 5,021, Mar. 31, 1915. Addition to 18,232 of 1914- J S C I 

1916, 167, 732. » • . v.. i., 

t J. S. C. I., 1915, 862. 

§ U. S. Patent No. 1,251,954, Jan. 1, 1918. 
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wood, peat, tar and pitch in like manner. Bergius and Billwiller give 
several illustrations of the method of procedure, the following being noted: 

1. 400 kg. powd('r(‘d (!oal are filled into a pressure-resisting vessel of 
about 400 liters (capacity, whicii is (;onnected to a tank in which hydrogen 
is held under 200 atmospheres pressure. After fifteen hours the con- 
nection with the hydrog(*n tank is turned off and the vessel is emptied. 
About. 10 to 15 kg. of hydrogen have then beem consumed, accoi’ding to the 
quality of coal used. From the cont,(‘nts of the vessel moie than half of 
the coal can be separated from solid residue as liquid. The n'lnaining 
part of liquid products in the solid residu(‘ can be gained by (‘xti*action. 

2. 150 kg. powdered coal are placed with an equal quantity of h('avy ben- 
zine in a pressuroresisting vessel of about 400 liters capacity, connected 
to a hydrogen tank. For the purfxrse of mixing, the vessel is rotated. 
After twelve hour’s, at a temperature of 400°, the vessel is opened and the 
liquid produced is separated from the solid residue. Only 15 p(‘r cent of 
the weight of (!oal employed is then left. The remaining 85 pcT cent is 
dissolved in the benzene. The consumption of hydrogen is about 
5 kg. 

One modification of a method of cracldng oils used by Ellis * involves 
passage of the raw oil material, such as kerosene, tlirough a heated zone 
containing catalytic bodies, in the presence of added gases derived fr’om 
the decomposition of oil which has pr’eviously passed through the cracking 
zone. In another modification f kerosene or other oils heavier than gas- 
oline are decomposed by heating in a series of superposed nearly hori- 
zontal pipes. The temperature of the oil is gradually increased as it 
passes through the pipes and after the maximum craching temperature 
desired has been attained the heating is continued in the presence of 
catalytic material at a gradually dec^reasing temperature until the products 
have assumed a state of stable equilibrium. The gasoline is then 
condensed. 

’ An apparatus described by the Standard Oil Co.J for converting heavy 
hydrocarbons into gasoline and other light oils § consists of a still con- 
taining catalytic plates suspended in the vapor space, or interlocking down- 
wardly convex plates supported by hinges and extending over the bottom 
of the still in such a manner as to provide for the circulation of the oil. 
The catalytic surfaces may consist of copper, brass, steel, or other metal in 
the fornj of solid plates or gauze plates; plates of mineral fibres such as 
asbestos or glass may also be used. 

♦ U. S. Patent No. 1,216,971, Feb. 20, 1917. 

t U. S. Patent^No. 1,249,278, Dec. 4, 1917. 

} British Patent No. 7,641, Oct. 20, 1914; Chem. Abs., 1916. 2798. 

§ Using the process described in British Patent No. 29,862, 1912; Chem, Abs., 8, 2058. 
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The use of sulphur to promote the (;racking of heavier oils to yield 
lighter products such as naphtha or benzine is suggested by Day.* 

He states that by adding sulphur or a sulphur compound to crude oils or distillates 
containing little or no sulphur such oils (mn be more easily decomposed by heat under 
the proper i)ressure with the production of an increased yield of distillates lighter 
in specific gravity than those which would be produced by the ordinary process of 
Kimf)le distillation. It is also stated that the distilling operation may be crarried 
out in the presence of a hydrogen-containing gas and a catal3d;ic agent or porous 
contact substaiK^e in the manner previously proposed by Day (see pages 10 and 20). 
The sulphur may be added to the oil in the form of the sulphide of ammonium, 
sodium, in)n or copper or as hydrogen sulphide. Sulphates are not applicable for 
use in this process. A perforated supply pipe, see Fig. 5()c, for admitting oil and gas 



is placed near the bottom of the still. Hydrogen and hydrogen sulphide may be 
admitted at this point. Contact material in the tubes above the perforated pipe 
may lie iron by hydrogen, zinc dust, reduced nickel or cobalt, dry porous clays, 
spongy platinum, or palladium. Day states he has found that the cracking opera- 
tion is greatly aided by passiiig a hydrogen-carrying gas or vapor, such as hydrogen 
sulphide, ammonia, illuminating gas, or water gas, or steam through the oil and 
thence passing the commingled oil vapors and hydrogen from the space above the 
oil thro?||h poromwfdSorptive contact material. A catalytic action here takes place, 
the hydrogen bAg combined with the previously unsaturated hydrocarbons, result- 
ing in the production of oils having a lower specific gravity and lower boiling-point. 

As examples of the carrying out of this process, Day states that he placed 100 cc. 
of crude petroleum in a retort, and first distilled off the distillate obtainable by the 
ordinary course of distillation obtaining on the average 3 per cent of distillate, 
distilling below 150° C., 20 per cent of distillate distilling between 150° and 
300° C.; in the case of Mexican oil from well No. 4 of the Potrero del Llano 
district, Mexico, Province of Vera Cruz, and determined that the distillates, 
even the 3 per Cent of naphtha distilling below 150°, had a burnt and objection- 
able odor and would be characterized by more than 50 per cent of unsaturated 
hydrocarbons. With another portion of the same crude oil, the distillation was 
repeated, using 5 to 10 per cent of sulphur. The result was an increase up to 
♦ U. S. Patent No. 1,221,698, Apr. 3, 1917. 
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from 7 to 10 per cent in tho yield of naphtha and np to 30 to 35 per cent of burning 
oil, the di«til|atc between 150'' and 500° having a very marked improvement, in 
the odor, as soon as the sulphuretted hydrogen accompanying these distillates was 
removed by the addition of a dilute solution of soda. By the treatment of the first 
distillate obtained, without the addition of sulphur, with sulphuric acid it was 
impossible to obtain a water white oil; the distillate obtained with the use of sulphur 
was quite easily refined. Both samples were tested as to the content of unsaturated 
hydrocarbons, and it was found that the distillate between 150° and 300° C., liy the 
ordinary process contained over 50 per cent of unsaturated hydrocarbons. The 
test was carried out by shaking the dist Hate for fifteen minutes with an equal volume 
of sulphuric acid of 1.84 gravity This test when applied to the oil from the sulphur 
distillation, showed less than 20 per (!ent of unsaturated hydrocarbons. These 
experiments were carried out on a larger scale in iron stills in the laboratory of an 
oil-refining company with similar results. 

To convert hydrocarbons of high boiling-j)oints into produ(;ts of low 
boiling-points, Rostin and Forwood * suggest that a heavy hydrocarbon, 
in the form of vaix)r, be mixed with hydrogen sulphide and brought into 
contact with a substance such as heated copper capable of liberating 
the hydrogen of the hydrogen sulphide. The nascent hydrogen comi3ines 
with the vapors of any unsaturated hydrocarons produc^ed. The* copper 
sulphide arising from the operation may be treated with gases rich in 
hydrogen, forming hydrogen sulphide and copper. 

The Simplex Refining Co.f describe a cracking process in which heavy petroleum 
oil is made to circulate, with or without pressure, in a continuous cycle, through 
serpentine tubes, which are heated to the cracking-point of the oil, and means arc 
provided or the continuous withdrawal of the resulting vapor and the addition of 
fresh oil to keep the circulating oil at a constant volume. A portion of the con- 
densed light vapor is injected into the residue when it returns to the heating vessel. 
Advantages claimed for the process are regularity in working, and the prevention of 
overheating and formation of caibonaceous and viscous deposits within the tubes. 

Aromatic compounds are prepared by dehydrogenation of petroleum oils according 
to Mann and Chappell, f The amount of benzol, toluene, xylene and other aromatic 
compounds in petro'eum oil is increased by heating the oil in retorts to 600° to 750° 
under a pressure 1 to 4 in. below atmospheric pressure in the j)resence of 500 to 800 
cu. ft. of air for each 15 to 20 gals, of oil \mder treatment, using a lower oxide of nickel 
as a catalyst. Iron or copper oxides also may serve iis catalysts. The catalytic 
.oxides are prepared from the corresponding nitrates using a support of pumice stone 
or fire brick. § 

An h-pparatus for treating heavy oils and involving the hydrogenation of 
light oils which are produced in the operation has been devised by Brov/n.|| 

♦British Patent No. 107,034, May 16, 1916. See also Chem. Abs., 1918, 1658; 
Danish Patent 22,824, February 18, 1918. 

t French Patent No. 480,147, November 8, 1916; J. S. C. I., 1917, 127. 

t U. S. Pateht No. 1,214,204, Jan. 30, 1917; Chem. Abs., 1917, 1039; J.S.C.I., 1917, 332. 

S See also U. 8. Patents Nos. 1,249,444, Dec. 11, 1917, and 1,267,906, Feb. 26, 1918, 

II U. S. Patent No. 1,226,569, May 8, 1917. 
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The apparatus is shown in Fig. 56rf, in which a is a still or boiler where the oil 
to be treated is placed. A pipe 6, which extends to the bottom of the still, is used for 
the introduction of hydrogen. The vapor produced by heating the oil is mingled 
with hydrogen and passes through a vertical conduit in which are mounted per- 
forated nickel plates cK These are supported by central rods c*. In the upward 
passage of this vapor and hydrogen, contact with the surface of the nickel is brought 
about and it is claimed that the catalytic act on of nickel is thus utilized. The vola- 
tile products obtained from the process arc passed to a condenser, A water-cooling 
device g is placed about the conduit c in order to main- 
tain the temperature sufficiently low to condense vapors 
of heavy oil, this condensate being returned to the 
still or boiler. 

''J''hc cracking of gas oils in various atmospheres has 
been investigated by Downing and Pohlman,* The 
atmospheres used were nitrogen, carbon dioxide, carbon 
monoxide, hydrogen, methane, blue gas, and a mixture 
of blue gas with 10 and 20 per cent of steam, respec- 
tively. The effect of each diluent on candle-power and 
the production of gas, tar, and carbon was studied. 

The application of a high-tension electric dis- 
(;har(':c' for the purpose of inert^asing the i)roi)or- 
tion of fixed gases, in gases or vapors obtained 
by the cra(;king of oils has be{ui proposed by 

Davidson and Ford.f 

They state that the constitution of the hydrocarbon 
constituents in a gas of this character may be materi- 
ally changed by the action of the electric discharge, the 
general effect being the formation of bodiei of less 
molecular weight which are not condensable, thus 
increasing the jirojiortion of fixed hydrocarbon constit- 
uents of the gas as compared with the other com- 
ponents, such as hydrogen or carbon monoxide. In tests which were made the 
amount of methane in the gas was increased from 25 per cent to about 40 per 
cent, while the amounts of CnH 2 n were increased from between 7 and 10 per cent 
up to jfo and 25^ per cent. In carrying out this process, apparatus which is similar 
to that used for the electrical precipitation of suspended matter from gases may be 
employed. 

Cherry f descr bes a me hod for the production of hydrocarbon compounds by a 
synthetic process involving the use of a high-frequency electric current. Cherry 
states that a rearrangement of the moleculal' st ucture of a hydrocarbon can be 
brought about to change the boiling-point and gravity, by subjecting the hydrocar- 
bon to the silent discharge of a bipolar oscillatory high-frequency electric current 
and the boiling-point and gravity of the compound produced can be varied by 
varying the frequency of the current apjilicd; and furthermore, a relatively low-grav- 

* Am. Gas. Inst. Gas. J., 1917, 137, 24-20; J. S. C. I., 1917, 125. 
t U. S. Patent No. 1,229,042, June 6, 1917. 
t U. S. Patent No. 1,229,886, Juno 12, 1917. 
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ity hydrocarbon can be so changed as to produce a compound of higher gravity and 
of lower boiling-point by subjecting such low-gravity compound to the electric dis- 
charge when the low-gravity hydrocarbon is in a vaporized state and mechanically 
mixed with a small proportion of a high-gravity low boiling-point hydrocarbon 
while a high-gravity low boiling-point hydrocarbon (such as casing head gasoline) 
can be so changed as to produce a product of lower gravity and higher boiling- 
point, by the action of the electric discharge while the high-grav!ty hydrocarlion 
is in a vaporized state and mechanically mixed with a small proportion of a rela- 
tively low-gravity high boiling-point hydrocarbon. 

In practicing Cherry’s process, the va])orized or gaseous hydrocarbon material 
is passed through a bipolar oscillatory high-frequency silent electric, discharge, and 
a rearrangement of the molecular structure is stated to be thereby brought about 
to either increase or decrease the proportion of hydrogen in the resulting comiioiind 
without the waste incident to dest-ructive distillation The vaporized or gaseous 
hydrocarbon may be jiassed through a peculiar electric field or an electric treating 
chamlier provided with separated (electrodes between which the hydrocarbon body 
flows so that this body will lie subjected for a more or l(‘ss extended period of time 
to the silent electrical discJiarge oscillating back and forth between the eletttrodes. 

As an example of the application of the method to hydrocarbon compounds of the 
jiaraffin serums, one volume of pentad(*cane (Ci 5 H;! 2 ) is introduced into a still, to 
every tw^o volumes of methane ((TL) and the mixture of the resulting vapor and gas 
rising from the licpiid in the still is jiassed through an electric field under proper 
heat and pressure conditions, a resulting liquid product being drawn from a c,ondenser 
consisting of octane while the excess of methane is separately collected. In this 
instance, approximately the following r(^,action is claimed t o take place. 

(Ci5H32)+2(CH4)=2(ChII,s) + (CH4). 

Hirt * subjects petrolciun oil t(t an electric arc in t-hc pn^sence of hydro- 
gen under pressure. Oxygen or steam may be introduced to remove carbon 
deposits. 

Coast t mixes petroleum oil, natural gas and steam and subject, s the 
mixture to pressure at a cracking heat. By mixing the steam and gas 
with the oil, a much sweeter ’’ and better product (gasoline) is obtained 
and the yields are found to be improved. 

Heavy oils, kerosenes and petroleum residues, are converted into gasoline 
and other volatile oils by distilling in a still in which hydrogen is inj(ictcd 
into the oil by a pipe, and then passing the resulting mixture of oil vapor 
and hydrogen over nickel plates, the operation being effected under a 
pressure, e.g., five to ten atmospheres. The nickel plates consist of per- 
forated discs held in position in a vertical pipe by a central rod. The 
vertical pipe may also be lined with nickel. A cooling-system surrounding 
this pipe ensures the return of heavy oils to the still. J 

♦ U. S. Patent No. 1,250,879. Dec. 18, 1917, 

tU. S. Patent' No. 1,252, 401’, Jan. 8, 1918. 

tDampierre, Britiah Patent No. 109,796, Aug. 15, 1917; Chom. Abs., 1918,222. 
French Patent No. 478,831, Feb. 22, 1915 and Addition No. 20,331, Aug. 1, 1917; 
Chem. Abs., 1916, la, 2297 and 1918, la, 1121. 
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The liy(Rop:enation of petroleum i!=! carried out by Thompson in the 
following manner:* * * § A catalyzcT is prepared by reducing the oxide, 
nitrate, carbonate, a(;et,ato or fornuUo of nickel by hydrogc'ii at a tem- 
perature of 320° to 350° C., for oiH'-half to one hour. The (catalyzer 
is added to the hydrocarbon which is h(‘ated in a cracking still and 
purified water gas or i)ur(^ liydrogen is passed through in large volume 
with strong prc'ssure and agitation. Th(', resulting mixture of gases 
and vapors is passt'd t o condenst^rs and the residual gases may bo us(h1 
again, if (considerable hydrogcai is pivscmt. As the above m(Thod of 
making thc' (catalyzer gives a pyrophoric pi'oduct, the reduced material 
should be mixed with oil and pump('d to the still to avoid oxidation. 

Anotlu'r iiK'thod of i)reparing the catalyz('r is: mix nickel formate 
with petrok'um oil and pass the mixture into the still while injecting a 
strong curr(uit of wat,(T gas. I'he passage of the gas through the oil 
serv(\s to agitat(' the cont.cnts of the receptacle and the agitation may be 
furtlu'r supplem(ait(Ml by a stirrer. Thompson st.akcs that the formate 
is (kHcomposed, leaving the nick(4 in an ahiM.st colloidal state of 
fineness in the oil. An amount, of catalyzei* up to 2 per (cent may be 
employed. The catalyzer is re(covered from th(' still residue by washing 
with Ixaizol. 

Tests conducted by Cross f with many catalytic bodies including 
aluminum ])ow(l('r, nickel, coppcu', mercury, zinc dust, iron dust, and 
platinized pumice did not, afford increased ykdds of light hydrocarbons 
from heavier oils. 

Rittman observes that many inventors have made claims to processes 
of hydrogenation of petroleum oils in connection with their method of 

cracking.’’ In most of these cases the hydrogen is derived from 
steam whi(ch is admitted with the oil or else is derived from the hydro- 
carbons themselves by employing a suitable catalyzer. | 

Jolicard § states that aromatic hydrocarbons are produced when coal 
is treated at 400° C. with nascent hydrogen in a furnace, which is not 
heated externally. The hydrogen may be produced for example by 
introducing a mixture of superheated steam and air at 500° C.; or 
carbon monoxide (producer gas, water gas) at 600° C. may be used in 
place of all or part of the air. A gaseous catalyst, such a chlorine or 
hydrochloric acid, may be introduced, or a solid catalyst, such as copper 
or nickel, may be deposited on the coal. 

* U. S. Patent No. 1,160,070, Nov. 16, 1915. 

t Petroleum, Asplialt and Natural Gas, Bulletin No. 14, Kansas City Testing Labora- 
tory, 97. 

} Bulletin 1 14, Bureau of Mines, 20. 

§ French Patent No. 475,433, Feb. 17, 1914; J. H. C. I., 1916, 30. 



438 


THE HYDROGENATION OF OILS 


Zeming* passes a niixturo of heavy petroleum and water (1 part 
water to 0 to 10 parts oil) first through a heater to raise the tempera- 
ture of the mixture to 300'' t,o 400° then through tubes at a dull red 
heat, condenses and passes the gases from the condensers under pressure 
into a body of petroleum at ordinary temperature, from which gasoline 
is subsequently recovered by distillation. 

Cracking Tars and Oils. I'ars and mineral oils are treated for the pro- 
duction of Ixiuzene, toluene, csseiK^es, etc., by heating them in a closed 
vessel under pressure and allowing the vapors formed to expand when the 
requisite temperature and pressure have bw^n reached. In tlu' case of 
tar, temperatures between 90° and 450° and pressures between 2 and 18 
kg. per square centimeter are used. The vapors obtained in one auto- 
clave may be injected into a second auto(!lave containing tar or oil under 
a different pressure and temperature. The finely-divided nascent carbon 
wliich separates acts as a (catalyst, the nas(;ent hydrogen also entering into 
reaction, f 

The residue from the manufacture of oil gas may be treated directly with 
hydrogen to form new hydrocarbon compouiab which are capable of 
further decomposition. J 

In some experiments made by Davidson § on the heat decomposition 
of a mixture of ethane and propane from natural gas it was found 
that the metals nickel, iron and cobalt hindered the production of 
aromatic hydrocarbons but promoted, to a marked degree, the forma- 
tion of hydrogen and carbon. 

* U. S. Patent No. 1,183,266, May 16, 1916. 

t Snc. Lyonnaise des Eaus et de I’Eclairage. British Patent No. 9,728, July 3, 1915; 
Chera. Abs., 1917, 95. 

t Ririker, Canadian Patent No. 182,104, Feb. 5, 1918; Chern. Abs., 1918, 763, 

§ J. Ind. Eng. Chem. 1918, 901. 
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THE HYDROGEN PROBLEM IN OIL HARDENING 

Oleic acid and hydrogen combine, molecule for molecule, to yield 
stearic acid according to the reaction: 

C18H34O2 T H2 = C18H36O2. 

Thus 282 pounds of oleic acid require 2 pounds (or about 0.7 per 
cent) of hydrogen for the production of 284 pounds of stearic acid, 
and similarly the transformation of olein into stearin requires the 
use of about 0.68 per cent hydrogen.* 

One thousand cubic feet of hydrogen weigh approximately 5.6 
pounds, hence a pound of olein calls for a little over 0.1 of an ounce 
of hydrogen equivalent to approximately 2500 cubic feet of hydrogen 
per ton (of 2000 pounds) of olein. Thus by weight only a relatively 
small quantity of hydrogen is needed, while by volume the amount 
required, of course, is considerable.f 

The amount of hydrogen required for complete conversion is given by Sachs 
(Zeitsch. f. angew. Chem., 1913, 94, 784) as 7.4 kilos or 85 cubic meters hydrogen 
per 1000 kilos oleic acid. 1000 kilos of linoleic acid having two double bonds call 
for 14.2 kilos, or 170 cubic meters of hydrogen. 1000 kilos of linoleic with three 
double bonds need 21.6 kilos, or 289 cubic meters of hydrogen, while a like weight 
of clupanodonic acid with its four double bonds requires 29 kilos, or 348 cubic meters 
of hydrogen. The hydrogen requirements per ton of some of the fats enumerated 
by Sachs are as follows: 


Cubic meters 

Cocoanut oil 7.8 

TaUow 33.57 

Oliye oil 68.80 

Oteic acid 88.80 

Corn oil 143.76 


Dr. Holde observes (Seifen. Ztg. (1912), 918) that oleic acid, the most important 
constituent of all semi-drying liquid oils, requires only 2 parts of hydrogen to 282 
parts of oil in order to get stearic acid, while linoleic and linolenic acid require 
4 and 6 parts respectively to 280 and 278 parts. Ricinolic acid, which contains one 
atom of oxygen more than oleic acid, forms an oxystearic acid which has a very high 
melting point, but which also only contains 2 atoms more of hydrogen than the 
original acid. The glycerides of stearic or palmitic acid naturally remain unchanged 
throughout the operation. 

t According to Linde (Production of Hydrogen, Third Int. Cong, of Refrigeration, 
1913) six to ten cubic meters of hydrogen are required for hardening one hundred 
kilos of oil. 
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The following tabulation shows the nature of the reaction in several 
cases : 


Oleic Acid 

Linolic Acid 

Linolenic Acid 

Clupanodonic Acid 

(Cl8H3302)303pl6 + 6 H 

Olein 

C 22 H 42 O 2 "h 2 H 

Eriicic acid 

C18H34O3 + 2H 
Kicinoloic acid 


C^18H3402 + 2 H 

C 18 H 32 O 2 + 4 H _ p u Q 
r H n a- r.D n ^18^3602 

Ui8il3o'^^2 -f- o n Stearic acid 

C18H28O2 “f- 8 H 

(Ci8H3502)3C3H5 

Stearin 

= ( y22H4402 

Behenic acid 

=• 

Hydroxy stearic acid 


One of the problems in the hydrogenation field is that of a cheap 
supply of pure hydrogen. The demand for hydrogen in various 
directions has increased of late and undoubtedly this will lead to 
improvements in the manufacture of the gas. 

The two methods now most favored in the hydrogenation of oils 
are the iron-sponge steam process and the electrolytic method. For 
large plants the iron-sponge steam process is preferred, but it is rela- 
tively complicated and scarcely to be recommended for plants calling 
for 1000 cubic feet of hydrogen, or less, per hour. 

In the electrolysis of brine to make caustic soda and bleach, there 
exists a by-product of hydrogen sufficient in amount to treat an 
enormous quantity of oil. To-day a good portion of this hydrogen is 
allowed to go to waste. Eventually it may be used, to some extent 
at least, for hydrogenation purposes. One clcctrolyic plant in this 
country is producing about one ton of hydrogen daily. Another 
plant generates nearly one-half a ton, while a third concern discharges 
into the air nearly 300,000 cubic feet each day.* In spite of the vast 

* Similar conditions exist abroad, Blum reporting (Met. and Chem. Eng. (1911), 
157) that enormous amounts of hydrogen gas are produced in the large works for 
the production of caustic soda and chlorine by electrolysis of common salt solutions. 
The hydrogen gas is set free together with the caustic soda at the cathode. The 
quantities are so large, compared with the demand which exists at present for hydro- 
gen, that most of the hydrogen gas is passed unused into the air. The Griesheim- 
Elektron ’Company in Germany produces daily 20,000 cubic meters of hydrogen 
of about 90 to 97 per cent purity. In this case the cost of the gas is practically 
that of its compression and storage. Special railway cars are built in Germany 
for the transportation of 500 cylinders containing 2750 cubic meters of hydrogen 
gas. The cost of shipment of the cylinders is so great that the distribution, of 
course, is only lofeal, as regards consumption on the large scale. The Zeppelin Ga- 
rage in Frankfort is supplied with hydrogen by means of a high-pressure main from 
Griesheim. 
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amount of by-product hydrogen obtainable, it appears that oil manu- 
facturers prefer to install hydrogen-generating equipment in their 
present ^vorks, rather than to ship oil to a source of waste hydrogen 
and conduct hardening operations at some relatively remote point. 

In conseciucnce the present methods of preparing hydrogen are being 
carefully scrutinized and new systems for the generation of the gas 
are being studied and developed. For this reason the whole subject 
of the produ(^tion of hydrogen is here reviewed at some length,* the 
proposed technical methods for its generation being classified as 
follows: 

A. Water gas as a source of hydrogen. 

1. Replacement of carbon monoxide by hydrog('n. 

2. Liquefaction and other methods for the removal of carbon 

monoxide. 

B. Decomposition of hydrocarbons. 

G. Action of steam on heated metals. 

D. Wet processes and the decomposition of hydrates. 

1. Action of acids on metals. 

2. Decomposition of water by miscellaneous chemicals. 

3. Electrolysis of water. 

4. By-product hydrogen. 

I'hc hydrogen problems involved in the hydrogenation of oils are 
discussed by Walter | who states that a plant for oil hardening cannot 
well be installed by small concerns, but only by those having power- 
ful financial resources, because the cost of equipping for an adequate 
supply of hydrogen represents so great an outlay. If water gas or 
coke oven gas containing 40 to 50 per cent hydrogen could be used the 
matter would present a different aspect. Water gas contains on the 
average : 

Per cent 


Rydrogen 50 

Carbon monoxide 41 

Carbon dioxide 4 

Nitrogen 4.5 

Methane 0.5 


A plant for the manufacture of water gas is much cheaper than one 
for making technically pure hydrogen. Reckoned on the hydrogen 
content the cost of production of water gas is very much lower than 
that of pure hydrogen. 

* Brahmer, Chemie der Gase, Frankfort, 1911, contains much useful informa- 
tion on the production of hydrogen. The subject of hydrogen production on a 
commercial scale treated by Lepsius in Moniteur Scientifique, 1912, 493-600. 
t Seifen. Ztg. (1913), 4. 
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Coke oven gas contains about the following: 


Per cent 

Hydrogen 46 

Nitrogen 15 

Carbon monoxide 7 

Methane 20 

Ethylene 2 

Caj^bon dioxide 4 


This gas may be obtained in large quantities at low cost in the neighborhood of 
coke oven plants. Many of the patents relating to the hydrogenation of oils refer 
to the use of gas mixtures containing hydrogen as well as to hydrogen gas in a pure 
state. These statements, Walter argues, appear apparently only as a precaution in 
order to preclude others from making application for patent protection on the use 
of hydrogen-containing gases in the place of pure hydrogen, lb; regards the investi- 
gation of these hydrogen-containing mixtures as never having been properly followed 
out, but thus far the results obtained are not promising. 

Carrying out the hydrogenation process with hydrogen-containing 
gases involves: (1) the catalyzer must not become contaminated 
with poisons; (2) the process must proceed in spite of the presence 
of foreign gases; (3) foreign gases must not injure the oil. 

Carbon monoxide and nitrogen in the pure state apparently do not 
injure the usual catalyzers in the least. As to the remaining impur- 
ities the sulfur compounds are catalyzer poisons. It has been noted 
with water gas that the catalyzer loses its activity much sooner than 
when pure hydrogen is employed. Foreign gases, which are indiffer- 
ent in a chemical sense, of course dilute the hydrogen with which 
they may be mixed, and when one is working with a dilute in place 
of a concentrated reagent, the action usually is slower. In this con- 
nection investigation shows that with increasing dilution of the hydro- 
gen employed, the time required for treatment lengthens, a result 
which, of course, ordinary practice would indicate is to be expected. 
Also hardening cannot easily be carried as far with hydrogen-contain- 
ing gases as with pure hydrogen. It can be stated as a general rule 
that in oil hardening the hydrogen conducted into the oil is not wholly 
absorbed, but goes as a stream of gas through or in contact with the 
oil, so a considerable proportion of the hydrogen introduced is not 
used. When one is using water gas in place of hydrogen, the former 
gives up only a portion of its hydrogen to the oil. The hydrogen 
available to the oil is thus proportionately less than with ordinary 
hydrogen gas, and repeated conveyance of the partially-used water 
gas through the oil is as good as useless because of the great reduc- 
tion in the proportion of hydrogen. 

Since only a part of the hydrogen contained in water gas may be 
utilized, it is necessary to employ relatively a much larger quantity 
oi the latter. Of the 50 per cent or so of hydrogen contained in 
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water gas, according to Walter, only about one-third or approximately 
17 per cent of the total gas is used. To secure the same effect 600 
cubic feet of water gas in place of 100 cubic feet of hydrogen arc re- 
quired, in wliich case about 500 cubic feet of spent gas results. The 
spent gas, of course, should not be thrown away as this would be 
wasteful and arrangements must be made for its use in heating, 
lighting or power applications. It is not always convenient to thus 
make use of such a large volume of hydrogen-spent gas; furthermore 
it is necessary to make all the pipes and connections larger by six- 
fold than when concentrated hydrogen is employed, which means an 
additional expense. 

Finally there is the question as to whether or not the foreign gases * 
contained in water gas exert any detrimental influence upon the har- 
dened oil; whether they do not during the process bring about side 
reactions. As regards carbon monoxide f and carbon dioxide no 
chemical action on oils or fatty acids under these conditions is known, 
yet eventually catalyzers may be employed which cause side reactions. 
If the hardened oil is to be used for technical purposes such reactions 
probably need not be feared, but for edible purposes this may not 
obtain. In this connection Bomer has laid down the condition in oil 
hardening that the hydrogen employed must be pure when the fat is 
to be used for edible purposes. Thus when using water gas in place 
of hydrogen, a number of difficulties are likely to arise in large scale 
operation and the seeming financial advantage on close inspection 
shrinks considerably, practically leaving the field to technically pure 
hydrogen.! 

* The addition of small quantities of a second gas to a pure gas markedly reduces 
the rate of diffusion in liquids, according to Barus (Chem. Abs. (1913), 3871). 

t Caro (Seifen. Ztg, (1913), 852) considers the presence of carbon monoxide in 
hydrogen used for hardening fats with nickel catalyzers to be, under some circum- 
stance?;, injurious to the catalyzer. Maintaining the temperature of the oil during 
hydrogenation above 200 ° C. is said to be beneficial, as any nickel carbonyl formed 
will be at once decomposed at that temperature. 

t Goldschmidt (Seifenfabr., 32 , 713) states that a good and cheap source of hydro- 
gen gas is one of the greatest problems connected with the process; that such 
impurities in the gas as arsenic, phosphorus, hydrogen sulfide, mineral acids, carbon 
bisulfide, chloroform and acetone poison catalysts of the platinum group; while 
sulfur, chlorine, bromine and iodine unfavorably affect those of the nickel group. 

Fry states that negative hydrogen has been shown to act as a reducing agent, 
since it naturally tends to revert to its ordinary state, positive hydrogen, which 
change is accompanied by the liberation of electrons. (J. S. C. I., 1914, 271.) 
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WATER GAS AS A SOURCE OF HYDROGEN AND THE 
REPLACEMENT OF CARBON MONOXIDE 
BY HYDROGEN 

Many suggestions have arisen for the production of hydrogen from 
water gas, involving replacement of the carbon monoxide present by 
hydrogen through the reaction 

CO + H 2 O = CO 2 + H 2 . 

Because of the incompleteness of the reaction, those methods proposed 
which do not take cognizance of the accumulation of carbon dioxide 
and consequent repression of the progress of the reaction have not 
been particularly successful. The reaction is a reversible one and 
unless means are taken to remove the carbon dioxide as formed, the 
resulting gas mixture contains hydrogen, carbon dioxide and carbon 
monoxide usually in such proportion as to be too costly of purification 
for handling on the large scale. In consequence lime or other alkali 
has been suggested for absorbing the carbon dioxide. These sugges- 
tions appear in the patents to Tessie Du Motay and the Chemischen 
Fabrik Greisheim-Elektron, as will be pointed out in a more detailed 
manner in the following, 

Engels * has made a careful study of the reaction between carbon 
monoxide, water vapor and lime. The investigations show that the 
most suitable temperature lies between 450° to 550° C. Below 450° C. 
the reaction progresses too slowly, while above 550° C. the conversion 
does not go to completion or side reactions occur. Engels studied the 
effect of additions of an oxide, such as iron oxide, to the lime in order 
to catalytically hasten the reaction and found its course to be much 
improved by the addition of a few per cent of such catalyzer. The 
reaction is exothermic so no further external heating is necessary after 
the conversion has begun. 

In 1880 Tessie du Motay devised a process for the production 
of hydrogen from water gas.f The latter gas mixed with steam k 

* liber die Wasserstoffgewinnung aus Kohlenoxyd und Kalkhydrat, Oiaserta' 
tion, Karlsruhe, T911. 

t U. S. Patents 229,338, 229,339 and 229,340, June 29, 1880. 
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passed into a converter containing lime where hydrogen and calcium 
carbonate are formed. Fig. 57 shows a plan view of the apparatus, 
in which A is a water-gas generator, B represents purifiers in which 



sulfur is removed, C designates superheaters where steam is mixed 
with the water gas. The preheated mixture then passes to a converter 
shown in Fig. 58. The inclined 
passageways of the latter are 
filled with lime in contact with 
which the reaction 

CO + H 2 O = CO 2 + H 2 
CO 2 + CaO = CaCOa, 

progresses, yielding hydrogen 
gas. In lieu of water gas, coal 
gas or the vapor of naphtha 
may^be similarly treated. 

The process of the Chem. 

Fabrik Greisheim-Elektron, re- 
ferred to above,* involves mix- 
ing water gas with an excess of 
steam and passing this mixture over lime or hydrated lime to which 
about 5 per cent of iron powder has been added. The lime is heated 
to approximately 500° C. in an upright retort fitted with an agitator. 
The following reaction takes place: 

Ca (0H)2 + CO = CaCOa 4- H 2 , 

• Zeitsch.f. angew. Chem. (1912), 2401; British Patent 2523, Feb. 2, 1909. 



Fig. 58. 
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with evolution of heat, and the reaction chamber is cooled so that 
the temperature does not exceed 500° C., or the temperature at which 
calcium carbonate commences to dissociate. The carbonate is re- 
generated by subsequent calcination.* * * § The presence of water vapor 
or of lime in the hydrated condition is essential for the reaction.! 
If absent or present in insufficient quantities the carbon monoxide 
is absorbed by the lime without the formation of hydrogen. In the 
absence of water the reaction runs according to the following equation : 

CaO + 2CO = CaC 03 + C. 

According to the statement of Lepsius hydrogen of 97.5 per cent 
purity is obtained at a cost of about 2 to 2.5 cents per cubic meter. 

The production of hydrogen by the action of carbon monoxide and 
steam on quicklime is regarded by Levi and Piva J to be dependent on 
the intermediate formation of calcium formate. 

Merz and Weith § have noted that when moist carbon monoxide 
is passed over soda lime heated to 300° C. or over, hydrogen is formed. 
A simple process for the production of hydrogen based on the observa- 
tions of Merz and Weith has been put forward by the Societe generale 
des Nitrures in Paris. A mixture of producer gas and water gas is 
treated in the usual way to remove carbon dioxide and is then passed 
over hot lime, which treatment yields a mixture of nitrogen and hydro- 
gen free from carbon monoxide. The composition of the hydrogen- 
nitrogen mixture may be adjusted by using different proportions of 
the producer gas and water gas.|| 

Jerzmanowski ^ makes a hydrogen-containing gas with apparatus shown in Fig. 59. 

A kiln B filled with lime is raised to a high temperature by burning producer gas 
from the generator A. As soon as a sufficient heat is attained in B, an injector H 
blows into B steam and petroleum, which are decomposed chiefly into hydrogen 
and carbonic acid along with small quantities of carbonic oxide, marsh gas and 
other impurities. The gases pass through a cooler C to the gasometer D, and thence 
to purifiers.** 

* The Chemische Fabrik Griesheim-Elektron (British Patent 13,049, June 3, 1912) 
mix steam with gas containing carbon monoxide and pass the mixture upwards 
through towers packed with pieces of lime and heated to between 400° and 700° C. 
The lime, when exhausted owing to conversion into calcium carbonate, can be re- 
generated in situ by diverting the stream of gases and recalcining. 

t U. S. Patent 989,955, April 18, 1911, to Ellenbergcr, assigned to tlie Chemische 
Fabrik Griesheim-Elektron, discusses these reactions. 

i J. 8. C. I., 1914, 310. 

§ Ber. (1880), 719. See also Ber. 1880, 31. 

II Sander, Zeitsch f. angew. Chemie (1912), 2406. 

H J. S. C. 1., 1884, 560. 

** The New York Oxygen Company produce hydrogen by heating together anthra- 
cite and slaked litne. On passing an excess of steam over the residue in the retorts 
the reverse action sets in and the slaked lime is reproduced. This sequence may be 
contipu^ many times without renewing the materials. (J. 8. C. I., 1887, 92.) 



WATER GAS 


447 


By another process steam is allowed to act on carbon or carbonaceous matter 
to which both an alkali compound and lime have been added, the effect of the addi- 
tions according to Dicffenbach and Moldenhaucr (British Patent 8734, April 11, 
1910) being to lower the temperature of decomposition and to give hydrogen free 
from compounds of carbon and oxygen. For example, 100 kilos of charcoal or coke, 
impregnated with a 10 per cent solution of potassium carbonate, are mixed with 
600 kilos of quicklime, and the mixture is decomposed by steam at 550° to 750° C. 



They also claim (British Patent 7718, March 30, 1910) the employment of other 
alkali compounds — such as chlorides and sulfates — for the same purpose. The 
fuel is impregnated with a solution of the alkali compound and dried, or, if practical, 
the fuel is coked after the addition of such compound. A comparatively small 
amount of oxygen may be introduced along with the steam for the purpose of main- 
taining the required temperature inside the decomposition apparatus. Granulated 
coal or coke may be treated with a solution of an alkali silicate or carbonate and the 
mixture briquetted and subjected to the action of superheated steam at temperatures 
from 550° to 750° C.* 

Hembert and Henry f pass superheated steam in a fine spray over 
coke heated to redness, whereby a mixture of hydrogen and carbon 
monoxide is formed. This mixture is led into a second retort filled 
with fireproof materials, also heated to redness. In the second 
retort steam is allowed to enter heated to its point of dissociation. 
Thes^ gases ^ibt upon one another, hydrogen and carbon dioxide being 
formed. The carbon dioxide may be absorbed by milk of lime. In 
this way 3200 cubic meters hydrogen are said to be obtained from 
1 ton of coke. 

In the production of a mixture of hydrogen and carbon dioxide by the action of 
steam on carbonaceous substances or on water gas, Sauer (German Patent 224,862, 
May 9, 1907) proposes to use an excess of steam and to superheat this to such a 
degree that it suffices to maintain the proper reaction temperature, in order to 
ensure the production of a gaa of uniform composition. For example in the action 
of steam on coal, the latter is not blown alternately with air and steam, but the 

• French Patent 417,929, April 25, 1910. 

t Compt. Rend. (1885), loi, 797. 
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steam is Hupcrh(iaUicl to sucli a degree that wlieii the proecss is once started it is 
supposedly carriinl on continuously by aid of the heat of the steam alone.* 

For treating hydrogen and carbon compounds to oxidize the carbon 
to carbonic atad, in which form it may be readily eliminated, leaving 
pure hydrogen, Moore t brings the hydrogen and carbon compounds 
in a suitably divided state (generally as a gas or fine spray) into con- 
tact with heated oxide of iron, manganese, copper, tin, lead or zinc, 
in the presence of a jet of superheated steam. During the operation 
the oxides are said to be alternately reduced and reoxidized, acting as 
carriers of oxygen between the steam and the carbon compounds, so 
that the carbon present is converted into carbon dioxide, and leaves 
the chamber in which this is effected mixed with the hydrogen origi- 
nally present and that resulting from tlie decomposition of the steam. 
The carbon dioxide may l)e removed by any known method, such as 
absorption by lime, or by water under pressure, or by a solution of 
alkaline carbonate. 

Mond and Longer (British Patent 12,608, Sept. 1, 1888) bring carbonic oxide or 
gaseous hydrocarbons into contact with metallic nickel at a temperature of 350” to 
400° C., or with metallic cobalt at 400° to 450° C., when decomposition takes place 
into carbon and carbonic acid or hydrogen, the carbon combining with the metal. 
If now steam, at a moderate temperature, be introduced this carbon combines with 
oxygen to produce carbonic acid, with simultaneous formation of free hydrogen. 
These various reactions take place simultaneously when the steam is passed through 
the apparatus along with the carbonic oxide or hydrocarbon, the ultimate products 
being carbonic acid and hydrogen. The former can be eliminated by any suitable 
means, such as by washing with milk of lime. The cobalt or nickel surfaces may 
be obtained by impregnating pumice stone with a solution of the metal, and reducing. 

Similarly El worthy J heats a mixture of water gas and steam in the 
presence of such metals as nickel or iron to a sufficiently high temper- 
ature to induce the reaction, 

CO + H 2 O = CO 2 4- H 2 , 

whereby the hydrogen originally present in the water gas is increased 
by a volume equal to that of the carbon monoxide contained in it. 
The resulting carbon dioxide is removed by absorption by water under 
pressure, or by alkalis, or by other known means. 

Ellis and Eldred § generate a hydrogen-containing gas as follows: 

* Green (British Patent 13,510, July 13, 1895) states he obtains hydrogen from 
water by an improved process, “which consists in burning steam with hydrogen gas, 
or with carburetted hydrogen, or carbon monoxide within a suitable chamber.” 

t J. S. C. I., 1885, 450. 

X French Patent 355,324, June 17, 1905. 

§ U, a Patent 854,157, May 21, 1907. 
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Producer gas, generated by blowing air through a producer charged 
with fuel, is led through a superheating chamber filled with checker- 
work of refractory material. The gas is then passed under a boiler 
and burned to generate steam. Water gas is mixed with steam and 
passed through the superheater to convert the carbon monoxide into 
dioxide. The mixture of carbon dioxide and hydrogen is then com- 
pressed; the former is separated in the liquid condition and the latter 
is collected separately. The process is rendered continuous by repeat- 
ing the above steps alternately.* * * § 

The essential feature of a process devised by Dieffenbach and 
Moldenhauer f is that a mixture of steam with a hydrocarbon or 
other suitable organic compound is heated to the temperature of 
reaction, or kept in contact with a catalytic body for only a short 
time and is then suddenly cooled or removed from the catalyzer, in 
order that the carbon dioxide formed shall have little or no opportu- 
nity for being reduced to carbon monoxide. From the resulting mix- 
ture of hydrogen and carbon dioxide, the latter can easily be removed, 
leaving more or less pure hydrogen. A suitable way of carrying out 
the process is to use as catalyzer wire gauze of nickel, cobalt, platinum, 
etc., disposed transversely to the direction of flow of the gases, and 
heated electrically to the requisite temperature. Instead of using 
external heating, the required temperature may be attained partly 
or entirely by combustion of a portion of the hydrocarbon by means 
of admixed oxygen. 

Naher and Muller j: prepare water gas by blowing superheated 
steam into a generator filled with coke, which has been heated to 
about 1000° C., and exhausted, and the gas produced, mixed with 
superheated steam, is passed over a contact mass of rhodium- or palla- 
dium-asbestos at 800° C. The resulting hydrogen then is freed from 
the accompanying carbon dioxide. 

Carbbn monoxide and steam are caused to interact at 300° to 
600° C. under a pressure of 4 to 40 atmospheres in the presence of a 
catalyst, such as. iron, nickel, or the like, with the production of 
carbon dioxide and hydrogen, the former being removed by absorp- 
tion according to a process devised by. the Badische Company.§ 

In order to better effect the reaction betweeen carbon monoxide 
and water vapor in the presence of heated catalytic material and to 
carry on the operation continuously the Badische Company inject 

* Ellis and Eldred employ nickel, iron or manganese as catalytic material, 

t Geriiftan Patent 229,406, June 3, 1909. 

t Geririan Patent 237,283, Sept. 30, 1910. 

§ British Patent 26,770, Nov. 21, 1912. 
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oxygen or air into the reaction chamber thus securing the necessary 
heating effect.* 

Pullman and Elworthy f generate a mixture of hydrogen and car- 
bon dioxide by passing superheated steam in excess over red-hot coke 
or charcoal contained in a cast-iron retort, and the mixed gases after 
cooling are led through a number of porous pipes made of plaster of 
Paris or unglazed earthenware where they are separated to a great 
extent by diffusion, the hydrogen passing more rapidly through the 
porous walls of the pipes than the carbon dioxide. 

After leaving the diffusing apparatus the nearly pure hydrogen is compressed 
into suitable vessels partially filled with water to absorb most of the remaining carbon 
dioxide. On opening the valves of the vessels the hydrogen rapidly escapes, and 
may be collected in a suitable holder and then given a final purification, either by 
washing with water in a scrubber or by passing it over some absorbent for carbonic 
acid, such as damp hydrate of lime, or through milk of lime. Instead of separating 
the mixed gases by diffusion, they may be taken from the cooling apparatus direct 
and compressed in strong metal vessels partially filled with water. The carbonic 
acid being much the more soluble, on opening the vessels hydrogen at first escapes 
rapidly and may be collected, the carbonic acid being afterwards collected in a 
separate receiver. The gases may be submitted to this operation several times over, 
and finally purified as above. Or instead of using water, glycerine or hydrocarbon 
oils which absorb more gas and part with it more slowly may be used. 

That complete replacement of carbon monoxide by hydrogen in processes in- 
volving heating water gas and steam is impossible because of the conditions of equilib- 
rium which obtain, is discussed by Gautier (Bull. Soc. Chim. (1906), 35 , 929) who 
refers to the work of Boudouard (Bull. Soc. Chim. (1901), 25 , 484). The latter 
CO 

determined the ratio ^ 7 ^, in the equilibrium between carbon monoxide, steam, carbon 

dioxide, and hydrogen at different temperatures; and Hahn (Z. Physik Chem. (1903), 

CO y IT O 

42 , 705; 44 , 513; (1904), 48 , 735) determined the coefficient K = -' 7 ^^ » 

OU2 X II2 

at different temperatures. When a current of carbon monoxide mixed with a vary- 
ing excess of steam is passed through a porcelain tube heated to 1200 ° to 1250° C., 
at the rate of about 1 Hter of the mixed gases per hour, or when a dry mixture of 
equal volumes of carbon dioxide and hydrogen is similarly treated at 1300 degrees, 
the reaction proceeds until the volume of hydrogen is about double that of carbon 
monoxide. The reactions correspond with the equations: 

SCO + 3 H 2 O - CO -b H 2 O + 2 H 2 + 2 CO 2 , 

3CO2 + 3H2 -C 0 + H 20 -l- 2 H 2 -f- 2 C 02 . 

Under these conditions, any mixture of carbon monoxide, steam, hydrogen and 
carbon dioxide tends towards the composition, CO + H 2 O -f 2 Hj + 2 CO 2 . Small 
quantities of formic acid, but no formaldehyde, are produced. 

Additional matter by Gautier appears in Comptes rendus (1910), 150 , 1564, 
considering the reaction particularly from the reverse standpoint, that is, the reduc- 

f British Patent 27,117, Nov. 26, 1912; Chem. Zeit. Rep. (1913), 696. 
t British Patient 22,340, Dec. 21, 1891. 
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tion of carbon monoxide by hydrogen. The results show that by heating carbon 
monoxide in the presence of hydrogen, water is actually formed. The reduction 
begins approximately at 200° C. The maximum formation of water is between 
1100° and 1200° C.* 

By a process of the Badische Company f water gas is passed with 
an excess of steam over heated finely-divided metals of the iron 
group, especially iron, cobalt and nickel, or their oxides, and the car- 
bon dioxide formed is eliminated from the gaseous reaction product. 
The catalyst is best prepared by the addition of appropriate diluents 
or binding agents, organic or inorganic, which may be such as to give 
off gas on heating so as to increase the porosity. For example, dry 
precipitated ferrous carbonate may be made into a plastic mass with 
lime, water, potassium hydroxide and ferric nitrate, and the mix- 
ture dried and heated to 500° C. A reaction temperature of prefer- 
ably not over 600° C. is maintained by adjusting the temperature of 
the gases before they enter the contact chamber. 

Bosch and Wild t produce hydrogen by passing carbon monoxide 
and steam over a catalytic material consisting of nickel or cobalt or 
non-metallic refractory material, which may be moulded into porous 
blocks. 

Temperature ranges of from about 400° to 600° C., may be used. Iron may be sub- 
stituted for nickel and cobalt provided it is supported on an inert substance. Bosch 
and Wild have found that it is possible to carry out the reaction to good advantage 
by passing carbon monoxide and steam over a form of catalytic agent containing at 
least 30 per cent of finely-divided nickel and more than 70 per cent of non-metallic, 
indifferent, refractory and porous material, the catalytic agent being porous and 
shaped into the form of blocks, tubes, rods, or the like. It is stated that excellent 
results can be obtained by preparing an oxide, hydroxide or carbonate of nickel, 
either by precipitation from solutions of its salts, or by heating suitable salts, such 
for instance as the oxalate or nitrate, while avoiding too high a temperature, then 
moulding the resulting products and if necessary heating before introduction into 
the reaction furnace. The production of hydrogen by the aid of such catalytic 
agents can be carried out by adding an excess of steam to a gas containing carbon 
monoxide and then passing the mixture of gases over the catalytic agent and subse- 
quently removing the carbon dioxide which has been formed. The action of the 
catalytic agent is very satisfactory at temperatures of about from 400° to 500° C., 
or even less down to 350° C., but temperatures above 650° C. should be avoided. It 
is advisable to keep both the catalytic agent and the gases free from substances such 
as sulphur and chlorine which have a deleterious action. The following illustrates 
the method of producing a catalytic agent and of producing hydrogen by its means. 
Prepare a nickel hydroxide paste by introducing 5 parts of 25 per cent milk of lime 

* Met. and Chom. Eng. (1911), 511. 

t French Patent 459,918, July 2, 1913. 

tv. S. Patents Nos. 1,113,096, Oct. 6, 1914; 1,113,097, Oct. 6, 1914; 1.115,776, 
Nov. 3, 1914. 
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into 7 parts of molten nickel nitrate, add 10 parts of precipitated green nickel oxide 
(NiO) , knead the whole well, mould into the shape of briquettes and heat up to 500® C. 
Then place the briquettes in a suitable furnace and pass through it a mixture of ptire 
carbon monoxide with an excess of steam, while maintaining a temperature of 
about 500® C., and then extract the carbon dioxide from the resulting gases. 

A catalyzer containing cobalt is prepared as follows: 

Mix together 10 parts of finely-divided cobalt oxide (prepared by raising cobalt 
nitrate to a red heat), 1 part of calcined magnesia, and 2 parts by volume of a 50 
per cent magnesium nitTate solution. Press the mixture into small briquettes, dry 
and heat up to 500° C. 

When using an iron catalyzer, the following formulas are recommended: 

(1) Add a solution of 100 parts of calcined sodium carbonate in 500 parts of 
water to a solution of 250 parts of ferrous sulphate in 500 parts of water. Filter 
o(T the precipitate and wash it, and tlnui, without drying, mix it with 5 parts of 
slaked lime and dry until a paste is obtained which is then kneaded, rolled out, cut 
into cubes, dried, and heated at al)out 500° C. Instead of slaked lime, an agent 
can bo employed which docomi)oses upon being heated, such for instance as 14 parts 
of calci\im nitrate, or a mixture of 14 parts of calcium nitrate and 6 parts of ammo- 
nium nitrate. 

(2) Knead to a p;iste 10 parts of finely-divided iron oxide, sucli, for instance, as 
the crocus martis of commerce, and a solul ion of 4 })n,rts of aluminum nitrate in 4 
parts of water. Form this paste into pieces of the desired shaj)c, whi(!h then dry 
and heat at 400° C. in a current of air. In this examine, the aluminum nitrate 
solution can bo replaced by, for instance, a solution of 3.5 parts of magnesum nitrate 
in 3.5 parts of water. 

(3) Melt 40 parts of crystallized ferric nitrate at from 50° to 00° C. and stir in a 
mixture of 5 parts of caustic lime, 15 i>arts of water and 2 parts of caustic potash. 
Then mix this j)roduct with 50 parts of precipitate which has been obtained according 
to (1) and then dried, work the mi.xture in a kneading machine until a plastic mass 
is obtained, roll this out, cut it into cubes, dry it and heat at 500° C. Sometimes 
it is desirable to pass over it a current of air or of carbon dioxide. 

(4) Heat and stir ferric nil, rate at 180° C. until its nitric acid is almost completely 
driven off, pass the re.siduc through the finest sieve and mix 10 parts of this with 
1 part of calcined magnesia, moistening it with a solution of 1 part of potassium 
carlionate in 1.6 parts of water. Prc.ss the mass into briquettes, dry them and heat 
to about 690° C. 

(5) Boil 2.5 parts of wheat starch with 15 parts of water until a stiff paste is 
obtained, stir in 1 part of potassium carbonate, add 20 parts of iron oxide obtained 
by carefully heating iron oxalate to a t,empcrat,urc not exceeding 600° C. Knead 
the whole until a plastic mass is obtained, form it into briquett,os, dry it and heat at 
about 600° C. In this example, gum tragacanth, dextrine, or gum arabic, can be 
employed instead of the starch. 

(6) Mix 9 parts of ferric oxide hydrate with 1 part or more, of ferric oxalate and 
then work uj) the mixture to a past,e with a solution of 2.5 i)arts of calcium nitrate 
in 2 parts of water. Press the paste into suitable shapes and dry slowly in a current 
of air at about 500° C. Then pass a mixture of j)ure carbon monoxide with an 
excess of steam over the catalytic agent thus obtained, while maintaining a tempera- 
ture of about 500° C. 

(7) Pass a current of carbon monoxide mixed with steam over iron in a state 
of fine division which has been preferably moulded in a briquette press, at the 



WATER GA8 


453 


Bame time gradually heating the catalytic agent, but avoiding temperatures above 
600° C. 

(8) Mix ferric oxide hydrate with sufheient concentrated calcium nitrate solu- 
tion to obtain a paste of suitable consistency, then bring this paste into suitable 
shapes and dry it in the contact furnace while gradually raising the temperature to 
about 500° C. Then pass a mixture of carbon monoxide and steam over the cata- 
lytic agent, while avoiding tcmiJcratures above 600° C. Even if the gases are passed 
rapidly through the reaction furnace, an almost complete conversion of the carbon 
monoxide into carbon dioxide t akes place. 

(9) Heat ferric nitrate to about 200° C. so as to convert it into the oxide. Moisten 
the latter with aluminum nitrate solut ion and then mould it into suitable shapes and 
heat it at about 400° C., until the nitrous gases are driven off. Then place the cata- 
lytic agent in the c.ontacrt furnace and pass a mixture of (;arbon monoxide and steam 
through the furnac,e while avoiding temperatures above 600° C.* * * § 

Contact masses prepared l^y saturat ing pumice with a solution of nickel or co])alt 
chloride and subsequently igniting,! arc stated by the Badische Co.f not to be sat- 
isfaiitory in the production of hydrogen from carbon monoxide and steam. Cood 
yields of hydrogen are ol^tained, however, by using contact masses prepared by im- 
pregnating suitalile materials with relatively small quantities of solutions of nickel 
salts free from halogens and siiljihur. 

The Badische Company § obtains hydrogen by the catalytic double 
de(K)mposition of carbon monoxide or gases containing carbon monoxide 
with steam, with the employment of nickel. 

Ordinarily while using nickel contact material an undesired by-product || is 
formed. prevent the formation of methane there may be employed mixed con- 
tact masses, consisting of an excess of iron or its oxides with the nickel or its oxides. 
Other elements or their compounds which have active properties, are added advan- 
tageously. The specified contact masses, even at low temperatures effect a rapid 
and extensive decomposition and arc to be preferred to nickel because of their sta- 
bility and slight sensit iveness to accidental increases in temperature and to impuri- 
ties in the gas mixture. The contact mass is applied preferably in the form of porous 
pieces. A suitable mass is obtained by precipitating a solution of 40 parts iron 
nitrate, 5 parts nickel nitrate and 5 parts chromium nitrate (all free from chlorine), 
with potassium carbonate and thoroughly washing. The mass is then formed, 
dried, and a wfltter-gas-steam mixture is conducted over it at 400° to 500°. The 
amount of nickel can be increased or diminished. In a modification the principal 
portion of the carbon monoxide can be removed with a suitable catalyzer at 500° to 
600° and the gas, while still hot, is freed from hydrogen sulphide by passage over 

* A mixture of gases and steam containing carbon monoxide is conducted at an elevated 
temperature over contact masses which comprise at least 30 per cent of finely-divided 
metals of the iron group (iron, nickel or cobalt) deposited chemically from metal salt 
solutions and which are made up into porous bodies with the addition of organic diluents 
or binders; Badische Co., Austrian Patent No. 72,430, Sept. 11, 1916. 

t See French Patent No. 463,114, of 1913; J. S. C. I., 1914, 313. 

i German Patent No. 297,258, Sept. 11, 1914. Addition to German Patent No. 292,615, 

S. C. I., 1917, 873. 

§ German Patent, No. 282,849, Doc. 4, 1913; Chom, Abs. 1915, 2437. 

|| Methane. 
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coppor, or iho like, and then, with the addition of Ktearn, it is conducted over the 
now contact mass at 350° to 400°.* 

Metals of the iron group siich as iron, cohalt and nickel, or their oxides or mix- 
tures of these in the form of porous pieces, briquettes, cubes, rods, tubes, etc., are 
prepared with the aid of inorganic and organic diluents or binders by the Badische 
Company.! Substances may be added which, upon heating, generate gas or wholly 
volatilize. Even at 400° to 500° and lower the action of the contact masses is excep- 
tionally good. A suitable contact mass may be prepared as follows: A solution of 
250 parts ferrous sulphate in 500 parts water is precipitated by means of a solution 
of 100 parts calcined soda in 500 parts water. The i)recipitatc is washed, com- 
pressed, and intimately mixed without previous drying with 5 parts of slaked lime 
and then dried to obtain a mass which can be kneaded. This mass is rolled out, 
cut into cubes, dried and heated to 500°. The Badische Company, § also em])loy, as 
catalyst, spathic iron ore, or a hydroxide iron ore, which has not at any stage of the 
process been subjected to a temj)eraturc appreciably higher than 650°, The catalys- 1 
may be employed in the form of grains, or may be made into shaped picA^es with tlie 
aid of binding agents, such as hydroxides or salts or iron, aluminum, etc. The 
presence of phosphorus, sulphur or silica is ob]e(^tionable. 

Vignon § converts the carbon monoxide of water gas into methane by the following 
method. Water gas is mixed with a detennined quantity of steam and passed over 
quicklime heated to 350° to 1200° C. Below about 850° C. cahaum carbonate, 
methane, and hydrogen are produced, while above this temperature the calcium 
carbonate is decomposed, and the resulting gas also (contains carbon dioxide. Small 
quantities of other hydrocarbons, such as ethylene, arc also formed. 

In the method of Bosch and Wild || hydrogen is produced by removing 
part of the carbon monoxide from water gas and treating the residual 
gas with steam under a pressure of about 60 to 600 lb. per square inch 
while subjected to the action of a catalyzer. The hydrogen may imme* 
diately be used under its original pressure in making ammonia. More 
hydrogen is obtained and the reaction is accelerated by producing the 
hydrogen under high pressure. 

Bosch and Wild If state that the heat necessary to enable the reaction to be started 
and also to maintain the temperature for the reaction can be generat ed with great 
ease, by supplying oxygen to the gases when in contact with, or on their way to, the 
catalytic agent, the oxygen entering into combination with the cornbustible gases 
and providing the required heat. Instead of pure oxygen, air can be employed 
in those cases where the presence of nitrogen in admixture with tfefi hydrogen is not 
objectionable, for instance when the hydrogen obtained is toi be utoployed for the 
catalytic production of ammonia. When water gas or other gas oi^taining hydrogen 
and carbon monoxide is employed, and the oxygen introduced Combines with a 

♦ J. S. C. I., 1915, 716. 

t German Patents No. 292,615, July 24, 1912 and 293,943, Feb. 11, 1913; Che.m. Abs., 
1918, 855. 

t Chem. Abs., 1916, 98; J. S. C. I., 1915, 800; British Patent No. 16,494, July 10, 1914. 

§ French Patent No. 469,907, June 2, 1913; Chem. Aba., 1915, 19. 

II U. S. Patent No. 1,157,669. 

f U. 4 Patent No. 1,200,805, 1916. 
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part of the hydrogen to form steam, the latter can again take part in the reaction, 
and consequently the amount of steam employed can be correspondingly reduced. 
The oxygen, or air, is supplied directly to the contact chamber at one or more places. 

The process can be carried out either with pure carbon monoxide or with carbon 
monoxide which is more or less diluted with other gases, and it is of particular use 
when it is desired to free a mixture of gases, such, for instance, as water gas, from 
carbon monoxide, since the conversion of the carbon monoxide into carbon dioxide 
sets free hydrogen which mixes with the hydrogen of the water gas. It is then 
only necessary to remove the carbon dioxide and any excess of steam, in order to 
produce pure hydrogen. 

This process is claimed to offer great advantages when gases are emi)Ioycd which 
cont^ain relatively little carbon monoxide, because, in this case, the heat of reaction 
is small and the difficulties incidental to supplying heat from the outside are conse- 
quently much exaggerated. In this case, the supply of oxygen can be so regulated 
that, during the combustion, sufficient steam is formed to enable the whole of the 
carbon monoxide to be oxidized and consequently further addition of steam is not 
necessary. 

The Badische Company * describe a method or producing hydrogen 
in which contact masses are used containing activating substances, 
especially oxygen compounds of chromium, thorium, uranium, beryllium, 
antimony, and the like, or mixtures of these, in addition to the usual cata- 
lysts. With such contact masses the reaction is practically quan- 
titative at a relatively low temperature. The contact mass during 
preparation or use should not be heated above 600® C. Small quan- 
tities of carbon monoxide may be readily removed from gaseous mix- 
tures with the aid of the contact masses described. 

According to a somewhat similar method of the Badische Company f a mixture 
of carbon monoxide and steam is passed over a mixture containing a catalytic agent 
and a body which promotes the activity of the catalytic agent. Suitable catalytic 
mixtures consist of iron, nickel, or cobalt or their oxides, mixed with oxygen com- 
pounds of chromium, thorium, uranium, beryllium, or antimony; iron mixed with 
less than its weight of nickel; iron oxide of low activity coated with finely-divided 
iron oxide prepared at a low temperature, or zinc, lead, copper, vanadium, manga- 
nese 01 * titanium, together with a promoter. The contact masses may be in the form 
of powder, porous lumps, etc., and binders, carriers, etc., may be added. The pro- 
duction of hydrogen is preferably effected at temperatures not exceeding 600“. 
Any suitable gas mixtures may be used, and the bulk of the carbon monoxide may 
be first removed therefrom catalytically, or otherwise. Hydrogen sulphide may be 
previously removed by means of copper. The presence of chlorine, phosphorus, 
bromine, or silica in the catalytic mixture should be avoided. The following exam- 
ples of the preparation of the catalytic mixtures are given ; A mixed solution of ferric 
and chromium nitrates, with or without aluminum nitrate, is precipitated by ammo- 
nia and the hydroxides are filtered off and pressed into suitable shapes; a mixture of 
ferric nitrate, ammonia chromate, and thorium nitrate, is heated to give the oxides; 
a solution of ferric nitrate, nickel nitrate, and chromium nitrate is precipitated by 

♦German Patent No. 279,582, June 24, 1913; J. S. C. I., 1916, 356. 

f British, Patent No. 27,963, Dec. 4, 1913; Chem. Abs,, 1916, 97. 
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potafisium carbonate and the precipitate filtered, washed, shaped, and dried; fine 
meshed wire netting is treated with ferric nitrate solution, and heated to decompose 
the nitrates; chromium nitrate or acetate is precipitated by ammonia, the hydroxide 
is mixed with precipitated zinc oxide, shaped and dried; Beryllium oxide may also 
be used; a mixture of lead nitrate or lead acetate and uranium nitrate solution is 
precipitated with ammonia, the precipitate is filtered, made into lumps, and heated; 
copper and zirconium nitrate solution is precipitated by sodium carbonate or potas- 
sium carbonate, filtered, the alkali salt washed out partly or completely, and the 
product moulded and dried; mixtures of oxides of manganese and chromium, titan- 
ium and antimony, vanadium and chromium or chromium and thorium are also 
suitable; aluminum oxide, alkali carbonates, etc., may be added as binding agents 
or promoters; a solution containing cerium and chromium nitrates is precipitated 
with ammonia, the precipitate filtered off, partly dried, made into a paste, shaped, 
and dried; other rare-earth salts may replace the cerium nitrate.* * * § 

Considerable progress has been made in the production of hydrogen from water 
gas by reaction between carbon monoxide and water vapor. A mixture of water gas 
and steam is pas.sed over a contact material of iron oxide with oxide of chromium 
and thorium as activating agents. The reaction takes place at a relatively low 
temperature which favors the yield of hydrogen from the standpoint of temperature 
equilibrium. Carbon dioxide is removed by treatment under pressure with water. 
Any carbon monoxide is eliminated by a copper chloride solution. The purified 
gas contains about 2 per cent of nitrogen and traces of methane. The cost of 
manufacture is low, as regeneration of the heat due to reaction suffices for carrying 
on the process.! 

Hydrogen is produced, according to the Badische Company, by passing a mixture 
of a hydrocarbon and steam over a nickel catalyst distributed on a refractory carrier. 
Gaseous, liquid or solid hydrocarbons may be used, or hydrocarbon mixtures, as 
coal gas. The nickel catalyzer may be prepared in various ways. In one case 
fragments of magnesium oxide arc impregnated with nickel nitrate solution. In 
another case, nickel is deposited on the carrier by the decomposition of nickel car- 
bonyl. Temperatures of 700° and higher are used. For example, methane, mixed 
with three to six volumes of steam, is passed over the catalyst at a temperature of 
800° to 1000°. t 

Ellis § employs a method of making hydrogen involving the treatment 
of lime or lime-material with carbon monoxide, or gases containing car- 
bon monoxide. For example, carbon monoxide is passed over hydrated 
lime or carbon monoxide mingled with steam is contacted with lime, 
the latter being heated to a temperature of 450° to 600° C. 

The monoxide takes oxygen from the water vapor forming carbon dioxide and 
liberating hydrogen and the carbon monoxide combines with the lime to form calcium 

* Se<^ also Gorman Patent No. 282,849; J. S. C. I., 1915, 717; first addition, dated 
June 15, 1914, to French Patent No. 459,918, July 2, 1913; Swiss Patent No. 71,803, 
Feb. 16, 1916; Chem. Abs., 1916, 1918; Norwegian Patent No. 26,689, Feb. 21, 1916; 
Chem. Abs., 1916, 1582; German Patent No. 284,176, May 2, 1914; Chem. Abs., 1915, 2803. 

t Z. Kompr. fl. Oase, 1914, 16, 187-191; Zeitsch. angew. Chem. Referat., 1915, 203. 

j British Patent No. 12,978, June 4, 1913; see also U. S. Patent No. 1,128,804, to Mit- 
tasch and Schneider. 

§ U. s', Patent No. 1,173,417. 
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carbonate. This action is accelerated by the presence of catalytic material suidi as 
iron oxide and manganese oxide. The reaction is exothermic and once the 
of lime has been brought to the reacting temperature, sufficient heat is developed 
for continuance of the operation 'without the aid of exteruallyHappllied heat. In 
fact cooling may sometimes be required as the reaction does not progress mi\x as 
good yields when the temperature is much above 525® or 550® C. Another consider- 
ation is the use of an excess of steam which greatly improves the yield of hydrogen. 

Four to five times as much water vapor by volume as carbon monoxide should be 
present in order to effect substantially complete conversion. Difficulties are expe- 
rienced in treating lime with gases to insure satisfactory absorption of the carbon 
dioxide, and it is desirable to remove the carbon dioxide as fast as it is formed in 
order to prevent by mass action the repression of the reaction due to the accumula- 
tion of the carbon dioxide, in the gaseous atmosphere. 

To carry out the conditions required for the reaction Ellis makes use of a treating 
apparatus comprising a series of superimposed conveyers. 

These conveyers are connected by chutes so that the lime and contact material, 
entering the uppermost conveyer, feed downwardly conveyer by conveyer and 
finally discharge from the lowest section. 

The gas or vapor mixture flows upwardly from section to section in contact with 
lime material which is constantly hut slowly moved forward in a dire(!tion opposite 
to the flow of the gases or vapors and under these conditions the carbon monoxide 
unites with the oxygen of the water, forming carbon dioxide, which combines with the 
lime, thus removing the carbon dioxide, as such, from the scene of the reaction and 
enabling a further conversion of carbon monoxide into carbon dioxide, so that the 
gases discharging from the upper section of the conveyer may be practically pure 
hydrogen or hydrogen containing only a small measure of contaminating products. 

The lime which is employed for the operation i)rcferably is low in magnesia, 
as dolomite and other high magnesia limes are not as desirable for this purpose. 
The lime should be finely divided, which may be accomplished by grinding, or the 
lime may be introduced in the hydrated form as a dry powder. The addition of 
about 5 per cent of finely-divided iron or manganese oxide is desirable to accelerate 
the reaction. The iron or manganese oxide preferably is derived by precipitation 
as a hydrate from aqueous solution and washing and drying the product. 

The resulting carbonated lime is removed by a conveyer and is passed through a 
rotary kiln which may be heated by a producer gas or a powdered coal flame, and 
the lime regenerated; care being taken to not overheat the iron or manganese oxide 
to such an e^xtent that its amorphous condition is lost. The regenerated lime, espe- 
cially if not overheated, may be used repeatedly. 

In place of carbon monoxide or water gas, producer gas, or even the vapors of oil, 
may be mingled with steam and passed over the lime to effect decomposition, thereby 
liberating hydrogen both from the oil and the water, forming first carbon monoxide 
and then carbon dioxide which is absorbed by the lime. 

In the process of Siedler and Henke,* water gas or other gas rich 
!in carbon monoxide is mixed with steam and the mixture passed over 
lumps of lime arranged in superimposed layers in a vertical tower 
and maintained at a temperature of 400° to 750° by heat initially 
supplied by the gas ai.d by the heat of the reaction. 

* Chem. Abs., 191G, 1708; U. S. Patent No. 1,181,264. 
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Hydrogen is manufactured according to Griesheim-Elektron * 
from carbon monoxide, steam and alkali or alkaline earth. 

When gases containing carbon monoxide and steam are conducted over calcium 
hydrate or caustic soda at temperatures of 450° to 550° hydrogen is obtained. 
This reaction is favored materially by employing increased pressure and corre- 
spondingly increased temperatures. In the same period of tinie four times as much 
hydrogen can be secured as when operating at atmospheric pressure. Either steam 
or a mixture of steam and gases containing carbon monoxide is conducted over a 
mixture of alkali or alkaline earth and carbon, or a mixture of steam and carbon 
monoxide is conducted, at an increased pressure, over alkalies or alkaline earths. 
Pressures of 10 to 100 atmospheres and over are employed. If gases containing 
carbon monoxide are to be acted upon alone, good yields are secured at five atmos- 
pheres pressure. With the use of lime, a temperature of G00° to 800° is suitable, 
and with the use of barium hydrate and alkali, a materially lower temperature may 
be employed. Especial advantages are secured by conducting steam, under a 
pre.ssure of ten atmospheres and more, over a mixture of lime and coal or chartioal, 
almost pure hydrogen being obtained. Since the thermal effect is strongly positive, 
generally the application of heat is not required in a sufficiently large apparatus, 

A tower may be used in which a charge of coal and lime is placed. The coal 
serves both as a source of heat and for the decomposition of steam. When by air 
blowing, the charge has been brought to the desired temperature, the supply of air 
is discontinued, and water or steam is conducted, from above, over the mixlure, at 
twenty atmospheres pressure. The burned lime is discharged from bdow, mixed 
with fresh coal, and returned to the process. Brown coal or charcoal is preferred 
since they react more quickly and at lower temperatures than hard coal and coke, 

Vignon f describes a horizontal or slightly inclined rotary retort 
which is charged with coal, anthracite, or coke, and quicklime, and a 
mixture produced by the rotation of the retort. The mixture is heated 
to 900° to 1000° C. and water or steam passed in until the temperature 
falls to 700° C. The gas is withdrawn and air passed through to raise 
the temperature to 900°-1000° C. and to regenerate the lime. 

Buchanan and Maxted t prepare hydrogen by passing a mixture of 
carbon monoxide or gases containing carbon monoxide and steam 
over a catalyst consisting of an alkali ferrite which has been lixiviated 
so that a portion of the alkali is removed; the alkali ferrite may be 
prepared by roasting ferric oxide, from burnt pyrites, with sodium 
carbonate. Another method of producing hydrogen by Buchanan 
and Maxted § depends on the interaction of carbon monoxide and 
steam in the presence of a catalyst consisting of or containing a 

♦German Patent No. 284,816, March 14, 1914; J. S. C. I., 1915, 1092; Chem. Abs., 
1916, 101. 

t French Patent No. 477,083, May 25, 1914; J. S. C. I., 1916, 592. 

X British Patent No. 6,476, March 14, 1914; J. S. C. I., 1915, 177; Chem. Abs., 1915, 
2434. 

$ British Patent No. 6,477, March 14, 1914; Chem. Abs., 1915, 2434; J. S, C. I., 
19i5,662. 
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iru'iallic couple; F(‘-Cu or Fo-A^ couples ai'c suitable. The catalyst 
may be made from lixiviated alkali ferrite, by roducinp; the ferric 
oxide therein to the metallic state by hydrogen, moistening with a 
solution of copper nitrate, and finally heating, preferably in a current 
of redu(!ing gas, or washing, to remove nitrates. Gases containing 
carbon monoxide may be used instead of carbon monoxide in a state 
of purity. The couple is heated to 500® C. while passing carbon 
monoxide and an excess of air over it. 



CHAPTER XXI 


LIQUEFACTION AND OTHER METHODS FOR THE 
REMOVAL OF CARBON MONOXIDE 

As uncarburetted or blue water gas consists of approximately equal 
parts hydrogen and carbon monoxide with small amounts of other 
gases, much attention has been given to methods of eliminating the 
monoxide by solution, absorption and liquefaction. The cost of 
removal of the carbon monoxide by solvents such as cuprous chloride 
and the like appears to be too great for commercial application. As 
the monoxide is relatively easily liquefied by cold and pressure, while 
hydrogen is extremely resistant to liquefaction under like conditions, 
processes have been devised for removing carbon monoxide in this way. 
As a source of cheap hydrogen this method offers attractive possi- 
bilities to concerns requiring large amounts of the gas. For small 
plants the relatively high cost of installation renders the use of lique- 
faction processes less feasible. 

The pioneer work connected with the development of the lique- 
faction system towards a commercial goal should be credited to C. E. 
Tripler, who apparently was the first to devise methods and apparatus 
for large scale liquefaction of air and other gases. In 1893 Tripler 
patented * the method of condensation ‘‘ of a current of gas by ex- 
pansion of itself over the conduit through which it passes.” On this 
idea is based the present systems of separating hydrogen and carbon 
monoxide through liquefaction of the latter. 

The principle of liquefaction by compression with counter-current 
cooling is shown diagrammatically in Fig. 60. The reducing valve R 
is so arranged that on the side carrying the receiver B for the liquefied 
product a pressure of 20 atmospheres is maintained, while on the other 
side the pressure is held at 200 atmospheres. The operation is as 
follows. Air is drawn from B by the compressor K, passing through 
the outer concentric tube of the coil. After compression to 200 at- 
mospheres the air enters the cooler KG where the heat generated by 
compression is absorbed. The cooled compressed air flows through 
the inner tube of the coil to the reducing valve R where it is released 

* British Patent 4210, 1893. 
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at 20 atmospheres. Circulation in fhis manner is kept up until the 
temperature is lowered to the point of liquefaction. 

Nitrogen boils at — 193 degrees, carbon monoxide at — 190 degrees 
and carbon dioxide at — 78 degrees while hydrogen boils at — 252 de- 
grees and may easily be retained in gaseous form at temperatures 
which convert the other components of water gas to liquids or solids.* 



Apparatus in various forms has be(m devised by Linde, f Claude, Hildebrandt and 
others for the s(‘paration of the components of mixed gases by the liquefaction of 
th(; more easily liquefied constituents. The Hildebrandt system, shown in Fig. 61, 
consists of a coil of pipe of relativ(*ly large diameter through which two smaller pipes 
extend. The latter are indicated by 1 and 7 in the upper right-hand terminus of 
the large coil. Gas under the requisite high pressure enters at 1, passes along one 
of the small^pipes within the larger pipe of the large coil, emerges at 2 and passes 
along the central riser to the expansion chamber E. Expansion with liquefaction 
occurs hero. The liquefied product flows through 3 into the chamber R and from 
thence into a multiple evaporating coil 4, which consists of four coiled pipes having 
openings along their upper sides. Evaporation of the more easily boiling constitu- 
ents takes place as the product flows downwardly along the evaporating conduits. 
The vaporized portion departs through the perforations of the coil and passes through 
5 into the large pipe A, moving along this pipe as a current counter to the high-pressure 
gas entering at 1 and passing out of the 8y.stem by the horizontal pipe shown on the 
upper right hand. The liquid fraction collecting in G flows along one of the narrow 
pipes to 2, thence through one of the narrow pipes in the large coil, upwardly and 
out at 7. 

* The production of hydrogen by liquefaction is clearly described by Linde in 
the Proceedings of the Third Int. Congress of Refrigeration, 1913. See also a very 
comprehensive treatise entitled, “Lowest Temperatures in Industry,” issued by 
Gesellschaft fiir Lindes Eismaschinon, Munich. 

t In a publication entitled “Lowest Temperatures in Industry,” it is stated that 
five plants have been supplied by the Linde Co. for fat-hardening purposes and that 
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Linde makes note * that Frank and Caro, with the aid of the Linde 
firm, have succeeded in the production of hydrogen of a high degree 
of purity from water gas. Figs. 62 and 63 show the apparatus dia- 
grammatically. 



Compressed water gas enters by the innermost tube A, and is cooled 
by expansion through the valves and return of the cooled gases by the 
middle and outermost tubes G and E respectively, until liquefaction 
of the carbon monoxide occurs; separation then takes place, the 
gaseous hydrogen escaping through the valve F and the tube G, the 
liquid carbon monoxide passing through the valve D and evaporating 

the total capacity of these is over 1000 cubic meters per hour. A plant in St. Peters- 
burg uses lOD cubic meters; another in Nishnj-Nowgorod 30 cubic meters; Brcmen- 
Bersigheimer Olfabriken 200 cubic meters; United Soap Works, Ltd., Rotterdam, 
200 cubic meters; and Ardol Co., Leeds, 500 cubic meters per hour. 

• J.aq. L, 1911,746. 
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in the middle tube. It was found impossible to liquefy the carbon 
monoxide, however, by the small amount of cooling by internal work 
of a gas containing so much hydrogen, and the cooling was therefore 
aided, as indicated in Fig. 63, by cold-jacketing the lower portion of 
the apparatus by means of a similar apparatus producing liquid air; 
in this way the industrial success of the apparatus was secured, and 
a gas produced, containing hydrogen, 97 per cent; carbon monoxide, 
2 per cent; nitrogen, 1 per cent. Removal of the carbon monoxide by 
calcium carbide or soda lime then yields a 99 per cent hydrogen. The 
gas formed from the liquid contains 85 to 90 per cent of carbon mon- 
oxide, the rest being chiefly hydrogen, and is an excellent power gas. 

By one process (Ges. fiir Linde’s Eismaschinen A. G., French Patent 427,983, 
March 31, 1911) the strongly-cooled, compressed gaseous mixture containing hydro- 
gen is passed through a heat interchangcr so as to separate it into a gaseous portion, 
chiefly hydrogen, and a liquid portion, consisting mainly of impurities. The mix- 
ture passes into a receiver, which is provided with two separate systems for producing 
expansion; the liquid portion of the mixture collects in the receiver and is expanded 
in the lower system, from which it passes into the interchanger in the space sur- 
rounding the tube which conveys the original mixture into the receiver, and in the 
opposite direction to that of the gaseous current; the gaseous portion is expanded 
in the upper system and passed into the interchanger in the space surrounding the 
tube which conveys the mixture expanding from the lower system. From the inter- 
changer the expanded hydrogen is collected free from impurities, which are thus 
condensed by the cold produced by the agency of the above-mentioned expansions. 
A supplementary refrigerating appliance, containing liquid air or liquid nitrogen, 
is used in conjunction with the apparatus for the preliminary cooling of the gaseous 
mixture. 

A modified form of the foregoing consists in removing the portion of the gaseous 
mixture which is not liquefied, and comprises chiefly hydrogen, without allowing 
it to expand, the pressure remaining equal to that to which the compressed gaseous 
mixture has been brought. Liquid air or liquid nitrogen, used for refrigeration, 
is evaporated at a pressure below that of the atmosphere, in order to obtain a more 
complete separation of the remaining impurities. The liquid air or liquid nitrogen is 
thus used only for the ultimate refrigeration of the hydrogen which has already been 
freed from the main quantity of condensable gases. Also, the hydrogen, before it is 
brought to the expansion apparatus may be subjected to slight heating in a counter- 
current device, by means of the compressed gaseous mixture which has not yet 
been fractionated.* 

Frank f cools water gas in a suitable apparatus sufficiently to liquefy 
the carbon monoxide and dioxide, which are then separated. If the 
water gas has been produced at a low temperature, and contains 

* Ges. fiir Linde’s Eismaschinen A. G., First Addition, to French Patent 427,983, 
March 31, 1911. See also U. S. Patents to Carl von Linde 1,020,102 and 1,020,103, 
March 12, 1912; 1,027,862 and 1,027,863, May 28, 1912; 727,650 and 728,173, 
May 12, 1903. 

t British Patent 26,928, Nov. 27, 1906. 
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chiefly carbon dioxide, with ))ut little carbon monoxide besides hydro- 
gen, it may be completely liquefied, and the hydrogen recovered by 
fractional distillation. In cither case the hydrogen resulting is further 
purified by being conducted over calcium carbide at a temperature of 
over 300° C.* 

The arrangement of a plant under the Linde-Frank-Caro system f 
is shown in Fig. 64. In this illustration a is a water-gas generator to 



which air from the blower h and steam from the boiler c is alternately 
supplied, d is a scrubber and e a gasometer. 1 is a water-gas com- 
pressor, 2 an air compressor and 3 a refrigerating apparatus. Fore- 
coolers for drying the air and water gas are shown at 4. A water-gas 
separator indicated by 5 is also used for the liquefaction of air. A gas 
engine 6 operated by the rejected carbon monoxide (collected in gasom- 
eter 7) furnishes power for running the compressors. 8 represents 

• Frank (J. Gasbeleucht, June 10, 1911) has recommended (see J. S. C. I., 1911, 
746) that apparatus for the production of pure hydrogen and other gases by cooling 
and liquefaction should be installed at gas works making water gas to enable hydro- 
gen to be supplied on the large scale. 

4 GeseUschaft fUr lipdes Eismaschinen. 
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Fig. 05. Liiidc hydrogen apparutus. 


purifiens for removal of carbon dioxide * and 9 soda-lime purifiers for 
the ultimate purification of the hydrogen. Before purification by 
soda lime the gas consists of 

Per cent 


Hydrogen 97-97 . 5 

Carbon monoxide 1.7-2 

Nitrogen 1.0-1. 8 

and after such treatment the composition is: 

Per Cent 

Hydrogen 99.2-99.4 

N itrogen 0.0- 0.8 


An apparatus for separating hydrogen from the other constituents 
of water gas is shown in Fig. OG.f 

* The Bedford method of removing carbon dioxide by washing the gas under 
high pressure, with water, is used. 

t Maschinenbau-Anstalt Humboldt, French Patent 445,883, July 8| 1912. 
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Water gas is compressed until the carbon monoxide is liquefied, impurities such 
as carbon dioxide are removed in the usual manner, and the mixture of hydrogen 
and carbon monoxide is introduced into a separatof a, from which it passes through 



Fig. 66. 

out of the apparatus at 1. By making 


a concentric tube system 6, in counter- 
current to the separated cold gases, to a 
worm c, situated in an evaporator d, which 
is partly filled with liquid carbon monox- 
ide. The mixture expands by way of the 
valved injector e, into a condenser h, at 
the bottom of which the liquid carbon 
monoxide accumulates, while gaseous hy- 
drogen ascends into a riser i. Here the 
entrained carbon monoxide vapor settles 
by virtue of its greater density, allowing 
pure hydrogen to pass by way of an over- 
flow-pipe k into the concentric tube sys- 
tem h and out of the separator at 1. The 
liquid carbon monoxide, which accumu- 
lates in hf passes through an overflow-pipe 
m, controlled by a regulator o, down along 
the chamber n, into the evaporator d, 
leaving in the upper part of n any ac- 
companying hydrogen, which may be with- 
drawn. The liquid carbon monoxide, 
which accumulates at the bottom of d, is 
evaporated by the worm c, and the gaseous 
carbon monoxide escapes by way of the 
pipe p, through the tubular system b, and 
the riser i, and chamber w, of the requisite 


height, the two gases may be obtained of the required degree of purity. 


A process for the separation of hydrogen from carbon dioxide has 
been proposed by Claude.* The hydrogen containing carbon dioxide 
is subjected to a pressure of, say, 30 atmospheres, and is then passed 
through heat-exchangers wherein it meets cold gas passing in an oppo- 
site direction. The temperature of the gaseous mixture falls progres- 
sively, and the carbon dioxide gradually liquefies. The temperature 
should not be low enough for the production of solid carbon dioxide. 
The counter-current of cold gas may be the non-liquefied portion of the 
compressed gaseous mixture, the cold end of the heat-exchanger being 
cooled externally by suitable means. Claude f partially liquefies 
water gas or analogous gaseous mixture so as to give pure hydrogen 
and carbon monoxide containing hydrogen in solution, and the latter 
mixture is submitted to the action of heated slaked lime or other 


* French Patent 375,991, May 28, 1906. 
t French Patent 453,187, March 28, 1912. 
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material capable of reacting to yield more or less pure hydrogen which 
is added to the water gas about to be treated.* 

Elworthy t separates carbon dioxide from a mixture of gases derived 
from water gas, containing hydrogen, carbon monoxide, methane, and 
carbon dioxide by simple compression of the cooled gaseous mixture, 
or by compression followed by expansion, when the carbon dioxide is 
liquefied or solidified, and can be removed. The gases escaping from 
the apparatus are utilized for cooling the incoming gases. 

Jouve and Gautier t propose to pass water gas through a porous 
partition, such as unglazed porcelain, in order to separate hydrogen 
by reason of its rapid power of diffusion. It is said that by one such 
operation the percentage of carbon monoxide may be reduced from 
45 to 8 per cent. 

According to Elsworthy § water gas may be passed through a centrifugal gas 
separator, which is said to remove the bulk of the hydrogen, almost free from 
other gases. 

Separation of hydrogen by an absorption method is recommended 
by Vignon.ll Water gas, cooled and washed, is treated in a scrubber 
with an acid or alkaline solution of cuprous chloride, thus absorbing 
carbon monoxide; the hydrogen is thereby obtained free from carbon 
monoxide. The latter gas is recovered by heating the solution or 
subjecting it to reduced pressure, and the cuprous chloride is then used 
again. The carbon monoxide may be utilized by mixing it with air 
and burning it in the water-gas generator, so as to supply the heat 
necessary for the formation of the water gas, or this may be effected 
by burning the monoxide in a vertical shaft, filled with refractory 
material, fixed in the center of the generator. 

Frank ^ passes dry water gas over calcium carbide at a temperature 
above 300° C. Carbon monoxide reacts with the carbide forming 
calcium oxide, calcium carbonate and carbon, while the nitrogen 
present is converted into calcium cyanamide.** 

* The Claude Company (Chem. Ztg. Rep. (1913), 521; French Patent 453,187, 
March 28, 1912) indicate that the present attainable yield (about 50 per cent) of hy- 
drogen by the liquefaction system is increased and the loss through solution of hydro- 
gen in carbon monoxide is diminished if the carbon monoxide gas carrying hydrogen 
is subjected to the action of hydrated lime to form calcium carbonate and hydrogen 
and the impure hydrogen thus secured is mixed with water gas and further treated 
in a similar manner. 

f First Addition, June 16, 1906, to French Patent 355,324, June 17, 1905. 

X French Patent 372,045, 1906. 

§ British Patent 10,581, May 5, 1906. 

11 French Patent 389,671, April 27, 1908. 

H French Patent 371,814, 1906. 

♦* Thorpe Diet. App. Chem. III., 61. 
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Frank conducts water gas through milk of lime to remove carbon 
dioxide, then through cuprous chloride in hydrochloric acid solution 
to remove carbon monoxide and over heated calcium carbide to re- 
move nitrogen as cyanamide. The carbide also removes traces of 
carbon monoxide and dioxide with separation of carbon in a finely- 
divided condition. The cuprous chloride solution is regenerated by 
exposing to reduced pressure to remove the monoxide.* Subsequently 
Frank stated f that the expense of carbide, or of cuprous compounds 
or other means of absorbing carbon monoxide, was found to be too 
great and ultimately he was led to adopt the method of removal by 
liquefaction, t 

Claude § states that in the manufacture of hydrogen by partial 
liquefaction, 11 hydrogen of 91) per cent purity can be obtained from 
purified water gas, but the process is open to objection that the maxi- 
mum volume of hydrogen o])tainable is equal only to one-half the vol- 
ume of water gas employed. 

In practice this yield is reduced owing to part, of the hydrogen being held in solu- 
tion in the carbon monoxide. Also an excessively minute adjustment at the cxd, 
cock for the liquefied carbon monoxide escaping from the liquefying apparatus is 



required, but in practice this cock is generally opened wider than is proper. Claude 
recommends that the carbon monoxide separated from the water gas by partial 
liquefaction be subjected to chemical treatment to produce an approximately equal 
volume of hydrogen, this hydrogen to be added to further quantities of water gas 

Chomie dor Case, Bruhnicr (1911), 97. 

t J. S. C. L, 1911, 746. 

X See also Frank, U. S. Patent 873,853, Deo. 17. 1907. 

iiU. S. Patent No. 1,135,355, April 13, 1915; French Patent No. 453,187; see also 
U. S. Patent No. 1,212,455, Jan. 16, 1917. 

II French -Patent No. 329,839. 
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to be treated. He makes use of the reaction between carbon monoxide and 
heated calcium hydrate, affording a volume of hydrogen gas resulting from this 
step, which is approximately equal to the volume of carbon monoxide gas used, 
(See i)age 4^5.) 

In carrying out the process of partial liquefaction, it is necessary to compress not 
merely the water gas but the mixture of water gas and the hydrogen obtained as 
an equivalent of the carbon monoxide; the ratio of the volumes of the gases in the 
two cases being about one to one and a half. The nitrogen that the water gas always 
contains in greater or smaller proportions accumulates slowly. As soon as this 
nitrogen attains too great a proportion, it should be removed. 

The water gas to be treated passes through a pipe W (Fig. Gba) to the compressor 
X and thence to a cooling coil Y, when it passes to two temperature exchangers 
A A. From these exchangers the compressed and cooled water gas passes upward 
through the tubes of a carbon monoxidci separator BC. The lower ends of the tubes 
are surrounded by the liquid carbon monoxide collected in a chamber B' under 
pressure and discharged into the part B under atmospheric or leSs pressure; the 
upper ends of the tubes are surrounded by the hydrogen resulting from the separation 
and expanded in an expansion engine 1). The hydrogen circulated in the part C 
of the separator passes t.hroiigh one of the ex(;hangcrs A and thence escapes by a 
I)ipe //, and the vaporized carbon monoxide from the part B of the separator passes 
t)hrough the other exchanger and escapes liy a pi})c CO. This carbon monoxide 
then passes into a chamlier E where the reaction between the carbon monoxide and 
calcium hydrate takes place, and the resultant hydrogen passes to the pipe W to 
mix with the incoming water gas.* * * § 

In a description of a i)rocess of L’Air Liquide t it is suggested that in order to 
obtain pure hydrogen by the partial liquefaction of water gas, the greater part of 
the carbon monoxide be liquefied by the cold produced by the expansion of the lique- 
fied carbon monoxide from a previous charge. The last traces of carbon monoxide 
remaining with the hydrogen are liquefied either by the cold produced by the expan- 
sion of the whole or a portion of the separated compressed hydrogen, or by the evap- 
oration of liquefied carbon monoxide containing dissolved hydrogen. J 

The Badische Company § have the following method of separating 
hydrogen from a gaseous mixture. 

If water gas or similar gaseous mixture be compressed and then allowed to expand, 
the' low ering temperature produced is not sufficient to liquefy the constituents 
of the gas. The invention consists in adding carbon monoxide or nitrogen to the 
gas, before compression, in such proportion that the lowering of temperature pro- 
duced on expansion is sufficient to liquefy the major portion or all of the con- 
stituents other than hydrogen. The enrichment of gas in carbon monoxide or 
nitrogen may be effected by modification of the method of preparation or by adding 
a suitable gas to the gaseous mixture containing hydrogen. When the process is 
once in operation it is only necessary to add a certain quantity of the constituents 

* Sco also French Patent No. 469,854, May 29, 1913; British Patent No. 13,160, 1913; 
Norwegian Patent No. 28,254, Oct. 8, 1917; Chem. Abs., 1918, 520. 

t Soc. Anon, pour I’Etudo et I’Exploit. des. Proc. G. Claude. 

t French Patents No. 457,297, Feb. 4, 1914, and 475,346, Feb. 10, 1914; J. S. C. I., 
1916, 31. 

§ German Patent No. 285,703, Feb. 18, 1913; J. S. C. I., 1915, 1133. 
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(carbon monoxide, nitrogen) which are liquefied, to the gas under treatment in 
order to obtain the desired results. 

Mewes * describes a process of liquefying and separating the constituents of air 
and like gaseous mixtures. 

The Linde process for separating hydrogen from water gas by fractional lique- 
faction, the use of hydrogen in fat hardening and the manufacture of synthetic 
ammonia are discussed in Seifenfabrikant, 1914, 4. 

♦ British Patent No. 0,944, Apr. 28, 1013; Chem. Abs., 8. 1860. 
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HYDROGEN BY THE DECOMPOSITION OF HYDROCARBONS 

When methane is heated to 1200° to 1300° C. dissociation occurs 
and lamp-black and hydrogen are produced. Acetylene is decom- 
posed at a much lower temperature. In general, when subjected to 
sufficient heat hydrocarbons break down into their elements. This 
fact has been made use of for the production of hydrogen by decom- 
posing various hydro(;arbons and particularly heavy oils. Among the 
proposals put forward up to the present time are some which relate to 
the splitting of acjetylene or natural gas by passage through the heat 
zone of an electric arc and separation of the hydrogen from the lamp- 
black or other carbonaceous material which is formed. The gas may 
be under pressure to render the decomposition more effective. 

Pictet accomplishes this decomposition by treatment of the gas in 
heated tubes,* as, for instance, an endothermic hydrocarbon, such as 
acetylene, is passed through a tube, the front portion of which is 
heated to about 500° C., at which temperature the gas dissociates into 
its elements with the evolution of a large quantity of heat. The latter 
raises the temperature of the tube sufficiently to dissociate fresh 
quantities of acetylene without the further application of external 
heat. The rear portion of the tube is surrounded by a refrigerating 
appliance, and the products of decomposition, hydrogen and lamp- 
black, are passed into a suitable apparatus for their separation. In 
the same way exothermic hydrocarbons, such as petroleum vapors, 
mixed with steam may be decomposed with the formation of hydrogen 
and carbon monoxide; in this case the combination of nascent carbon 
and oxygen supplies a portion of the heat required by the reaction, 
the balance which is required to dissociate steam and hydrocarbon 
being supplied by external heating. By admitting a regulated quan- 
tity of oxygen, the combination of the latter with nascent carbon may 
be made to provide all the heat required by the reaction, it being then 
only necessary to heat the hydrocarbons initially to their temperature 
of dissociation. The apparatus may conveniently consist of a steel, 
iron or porcelain tube, one portion of which is heated by means of a gas 
furnace, and the other cooled by water, or by a liquid hydrocarbon, 

* French Patent 421,838, Oct. 26, 1910. 
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the vapors of which are afterwards admitted to the tube for their dis- 
sociation. The tube is provided with the conduits necessary for the 
admission of the raw materials and for the withdrawal of the products 
of dissociation, these conduits being preferably composed of “ pure 
iron covered with nickel; the lamp-black is separated by washing 
or by means of filters. 

In a modification of the foregoing Pictet (British Patent 14,703, June 21, 1911) 
operates in such a way that the (carbon, instead of being deposited in the form of 
soot, is converted into carbon monoxide by interaction with water vapor. External 

heat (39.36 units for every 18 grams of 
water) is applied for decomposing tlu; 
water vapor, in addition to that rccpiired 
to decompose the hydrocarbon vai)ors, 
for which the temperature is raised sub- 
stantially to the melting point of iron. 
Water and hydrocarbon are fed, for ex- 
ample, into an iron tube, which is of 
sufficient length (say 3 to 4 meters) to 
enable the supplementary heat to be 
imparted without damage, and these 
being vajKjrized on entry, react in the 
further end of the tube, which is the 
more strongly heated; the gas 2:)roduced 
is then cooled and passes through a filter 
to a gas holder, there being a soot 
chamber and also arrangements for th<^ 
removal of soot from the tube and filter. 
Ten liters of petroleum, mixed with 3 to 
5.5 liters of water, may be thus decom- 
posed per hour, in the apparatus de- 
scribed, the mixture furnishing approx- 
imately 3000 liters of gas for every liter 
of hydrocarbon, with a calorific value of 
3000 to 36(X) heat units per cubic meter. 
By regulating the supply of water, any 
desired proportion of carbon can be con- 
verted into carbon monoxide. 

In preparing hydrogen from crude petroleum or petroleum tar oils (British Patent 
13,397, June 3, 1911) the vapors are heated in such a manner that 18.1 calories are 
supplied to 16 grams of gas, with a tube temperature of 1200° to 1350° C. 

Another process worked out by the Carbonium Company in Germany 
employs acetylene gas which is compressed to two atmospheres and 
exploded by an electric spark.* 

C2H2 = C2 + H2. 

The acetylene thereby dissociates into the elements carbon and hydro- 
• Met. and Chem. Eng. (1911), 157. 
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gen. The carbon deposits in the form of lamp-black. The hydrogen 
is passed through large washer and stored. Its degree of purity is ex- 
ceptionally high. For each cubic meter of hydrogen produced about 
one kilo of lamp-black is formed. A condition for getting the hydrogen 
cheaply by this method is that there is a market for the lamp-black. 

Wachtolf * compresses the acetylene to about 4 to 6 atmospheres 
and explodes electrically. In Fig. 67 the explosion chamber is shown 
on the left and a lamp-black collector on the right. The explosion 
chamber is provided with a rotary scraper to remove lamp-black 
adhering to the walls.f 

Geisenberger I generates hydrogen alone or mixed with carbon 
monoxide or carbon dioxide, by the action of heat alone or of heat and 
st(uim, on light hydrocarbons, such as benzine, or on other materials 
containing hydrogen and carbon, e.g., bitumen, shale, beeswax, tur- 
pentine, etc. The organic substance is heated in a retort, to which 
steam may be admitted, to its point of decomposition. The hydro- 
gem is s('parat(Hl from the other gases in the mixture obtained, either 
Ijy physical memris, depending on the differences in density, or by 
cheuiiical means, such as absorbing the carbon dioxide by memns of 
sodium carbonate or hydroxide solution. 

Rincker and Wolter § make use of two generators, somewhat re- 
sembling those used in making wmter gas, for the decomposition of 
oils and tars. These generators are arranged side by side and (diarged 
with coke. After they have been raised to incandescence by a blast 
of air, a charge of tar is introduced into one of them and is partly 
transformed into gas by the glowing fuel. The gas formed escapes 
by its own expansion. A current of air is then introduced which 
carries forward the remaining vapors of tar into the second generator 
where they are converted into a permanent gas. At the same time 
the blast of air raises the contents of the first generator to incandescence 
again, and the pro(;ess is reversed by introducing the tar into the 
second generator and repeating the operations in the reverse direction. 

In a modified form of the apparatus || the two generators are ar- 
ranged one above the other and are charged with coke. The coke in 
the lower generator is ignited and then brought to incandescence by 
a blast of air which has been preheated by being caused to pass through 
a jacket surrounding the upper generator. The fuel in the latter is 

♦ German Patent 194,.301. 

t Decomposition of hydrocarbons under pressure is described by Bosch, German 
Patent 208,291, July 14, 1911; Chem. Zeit. Rep. (1914), 32. 

t French Patent 361,492, Dec. 21, 1905. 

§ French Patent 391,868, May 11, 1908. 

II French Patent 391,867, May 11, 1908. 
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also ignited and then raised to incandescence by natural draught. 
The products of combustion are allowed to escape to the chimney. 
When the fuel is glowing brightly, the air supply is cut off and a charge 
of oil is introduced into the lower generator through pipes in the top. 
The oil passes over the glowing fuel and is partially converted into 
permanent gas which escapes through a pipe in the side by its own 



Fig. 68. 


expansion. The blast of air is then again turned on, whereby the 
vapors of oil left in the lower generator are blown into the upper one, 
where they are gasified and fixed during their passage through the 
glowing fuel. The lower generator is at the same time again raised to 
incandescence and the process is repeated.* 

* Apparatus for the production of hydrogen by the decomposition of the vapors 
of oil or tar by exposure to a high temperature is the basis of a patent to the Berlin- 
Anhaltische Maschinenbau-Aktien-Gesellschaft, Berlin, German Patent 267,944, 
Jan. 28, 1918; Chem, Zeit. Rep. (1914), 31. 
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Equipment for the Rineker-Wolt(5r system is manufactured by the Hollandache 
Residugas-Maatschai)pii of Rotterdam. The gas-making plant consists of twin 
generators, Fig. 08, lined with firebrick and provided with grate bars and elinkering 
doors, in short, resembling water-gas generators but lacking a carburettor and super- 
heater. The generators arc connected near the top and in the upper part are lids 
for feeding purposes, which carry sprayers for introduction of the oil. 

Fig. 69 shows the operating floor of one of these plants. The generators are 



Fig. 69. 


equipped with i)rimary and secondary blast pipes, steam inlets and dust collectors. 
Both generators are charged with coke and fired. The generators are operated 
alternately in the blowing-run, the first generator receiving the primary, and the 
secorid generator the secondary, air blast. Combu.stion is incomplete in the first 
generator and the producer gas obtained is led to the second generator where it is 
burned on meeting the current of secondary air, thus heating up the second generator. 

As it is preferable to reach nearly equal temperatures in both generators, the 
sequence is reversed after a short blowing and the first generator becomes second in 
the series. When both generators have reached the proper temperature, the air 
valves are shut and the gas run begins. The tepiperature of the fuel bed has to 
be varied somewhat according to the nature of the raw materials. For hydrogen 
production a temperature of about 1200'^ C. is required. Too low a temperature 
gives so impure a gas that subsequent purification of the hydrogen is rendered costly. 
At the end of the blowing-run oil is sprayed for several minutes on the hot coke and 
gasification takes place. Immediately after this the sprayer is cleaned by blowing 
steam through it. The gas formed by decomposition of the oil passes to a seal and 
from there to scrubbers and purifiers. 
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Fig. 70 shows the gas outlets and seal. The residue of gas in the 
generators is expelled by steam. Lainp-blaek is deposited in tlie 
generators and is consumed in the next run. Fig. 71 shows the genc'r- 
ators of a plant at Utrecht. 

In a well-handled run gas of the following composition is said to be 
obtained : 

Por cent 

H OG 


N 13 

CO 2.7 


And by passing this gas over heated soda-lime a gas has been secured 
analyzing: 

Per cent 

IT 98 4 

N 12 

CO* 0 4 


To avoid difficulties from clinkering of the ash of the fuel, the author 
has suggested the addition of a small proportion of lime to the charge of 
coke, so as to flux the ash and thus to enable the maintenance of the 
requisite high temperature in the fuel bed.f 
A method of preparing hydrogen is proposed by the Badische Anil in 
und Soda Fabrik J according to which a mixture of hydrocarbons and 
steam is passed over an inactive, refractory oxide, such as magnesia, 
coated with nic.kcl or nickel oxide, at a temperature of 800° to 1000°. 
The resulting gaseous mixture is freed from carbon monoxide and 
dioxide, leaving substantially pure hydrogen. 

Efforts to secure hydrogen from illuminating gas have met with a 
considerable measure of success. By the process of Oechelhauser 
hydrogen of about 80 per cent purity is obtained. A gas of much 
higher hydrogen content has been produced by the Berlin-Anhaltischen 
Maschinenbau — A.— 0. which is based on investigations made by 
Bunte. The illuminating gas is first freed of carbon dioxide and is 
then conducted over white-hot coke which decomposes the hydro- 
carbons and yields a gas mixture consisting almost entirely of hydro- 
gen, carbon monoxide and nitrogen. The carbon monoxide is removed 

* Sanders (Zeitsch.f.angew. Chem. (1912), 2404) states that the cost of hydrogen 
by the Rinckcr-Wolter system is 10,5 to 14 pfennig per cubic meter. In a private 
communication to the author, the manufacturers advise the cost of the smallest 
equipment they make, having a capacity of 3500 cubic feet of hydrogen per hour, is 
$2575 plus erecting expenses. With oil at about 4 cents per gallon the hydrogen is 
estimated to cost about $1.75 per thousand cubic feet, 
t Ellis, U. S. Patent, 1,092,903, April 14, 1914. 

UJ. S. P. I., 1914, 313. 
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by treatment with soda lime and the gas then consists largely of hydro- 
gen with only nitrogen as an impurity. The specific gravity is 0.085 
to 0.097 and the gas has been found to be well adapted for most 
technical purposes. The process can be put in operation at any gas 
woi'ks equipped with a water-gas plant and the installation is not 
very costly.* 

Pictet, t in the production of a gas of high heating value, heats crude 
petroleum, tar oil or similar hydrocarbons in tubes to such a tempera- 
ture (e.g., 900° to 1200°), that not all the hydrogen splits off as such, 
but appears in the end product as methane. The hydrocarbons to be 
broken down may be employed mixed with gases of less heat value, 
such as hydrogen, water gas, etc. 

The addition of hydrogen and oxygen can be so proportioned that carbon monox- 
ide and pure hydrogen alone result, t Pictet produces carbon monoxide and hydro- 
gen § by simultaneously admitting steam, oxygen and petroleum oil (in vaporized 



Fig. 71a. 


form) into a horizontal pipe heated externally in a furnace to a temperature suf- 
ficiently high to decompose the steam and hydrocarbon. A temperature of 1300° 
to. 1500° C. may be employed. A mixture of hydrogen and carbon monoxide is 
obtained. 

Frank 1 1 passes purified natural gas through a furnace filled with incandescent 
coke or refractory material thereby producing hydrogen. Natural gas is first freed 
of hydrogen sulphide by passage through a purifier which contains an iron oxide, 
such as limonite. Thereupon the gas is subjected to a temperature of at least 
1200° C. The decomposition of the gas begins at a temperature of about 800° C., 
while the gas is completely split into carbon and hydrogen when the highest tempera- 

* Sander. Zeitsch. f. angew. Chemie (1912), 2406. 

t German Patent No. 277,115, Feb. 13, 1913. Addition to No. 257,715; Chem. Abs., 
1916, 712; German Patent No. 289,065, Doc. 7, 1912. See also Canadian Patent, No. 
184,460, May 21,1918. 

t U. S. Patent No. 1,134,416, Apr. 6, 1915; Chetn. Abs., 1915, 1374. 

I U. S. Patent No. 1,228,818, June 5, 1917. 

11 U. S. Patent No. 1,107,926, Aug. 18, 19U; Chem. Abs., 1944, 3359. 
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ture, exceeding 1200° C., is attained. Frank notes that at this temperature the 
higher hydrocarbons also are decomposed into carbon and hydrogen. The apparatus 
is shown in Fig. 71a. 

Rose * prepares gas containing as high as 98 per cent hydrogen by 
passing natural gas or oil over refractory surfaces heated to 1650° C. 

The production of hydrogen and soot by the pyrogenic breaking down of light 
hydrocarbons, especially natural gas, by contact with highly-heated refractory 
surfaces, against which the gas under treatment is directed in a number of finely- 
divided currents is described by Herman, f With the exclusion of air, the baking 
and graphitizing of the soot on the surfaces may be prevented by a uniform heating 
of the surfaces serving for the decomposition and a careful removal of the soot 
from the heated surfaces after its formation. The hydrogen is drawn off and cooled 
immediately. 

Mittasch and Schneider J pass hydrocarbons and steam over a nickel 
catalyzer distributed on a fireproof carrier at a temperature of some- 
what above 700° C. and produce hydrogen and carbon monoxide or 
carbon dioxide. § 

They state that the conversion of hydrocarbons and steam into hydrogen and 
carbon monoxide or carbon dioxide can be carried out rapidly and completely by 
employing a nickel catalytic agent distributed on a fireproof carrier and by working 
at a temperature above that of dark redness, that is to say above 700° C. Mittasch 
and Schneider observe that during the reaction it is possible that the nickel is con- 
verted into an oxide of nickel; or vice versa, it is also possible that the oxide or other 
compound, of nickel is reduced to the metallic form or to a compound containing 
carbon, so that it is equivalent whether metallic nickel or nickel oxide or other suit- 
able nickel compound be taken at the commencement of the reaction. Such car- 
riers are employed as do not react with nickel oxide under the conditions obtaining 
during the reaction, since the contact mass, it is claimed, then retains its activity 
even after being employed for a long time. 

When working according to the present invention, a gas mixture free from or 
containing only small quantities of hydrocarbons results and after removal of the 
carbon monoxide and carbon dioxide gives rise to hydrogen which Mittasch and 
Schneider not^ i.i suitable for the catalytic production of ammonia, or for reducing 
fats. 

The process is carried out in upright furnaces or tubes lined with fireproof material. 
The necessary heat can be applied internally, by burning hydrocarbons in the reac- 
tion space and this heating can be carried on before or during the actual production 
of hydrogen. It is particularly advantageous to pass alternately mixtures of hydro- 
carbon or other fuel and air, and hydrocarbon and steam, into the reaction space 
since by this means it is easy to maintain the requisite temperature. The heat 
contained in the gases leaving the reaction space can be used to preheat the gas 

♦ U. S. Patent No. 1,254,360, Jan. 22, 1918. 

t German Patent No. 290,883, Oct. 23, 1914. 

t U. S. Patent No. 1,128,804, Feb. 16, 1915. 

§ See French Patent No. 463,114, of 1913; J. S. C. I., 1914, 313; also British Patent 
No. 12,978, June 4, 1913. 
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mixture.’ ubout to enter the furnaee. 'riic Ras mixture obtained, in so far as it con- 
tains cariion monoxide, if necessary after adding a further quantity of steam, can be 
passed over a contact agent, in order to convert the carbon monoxide into carbon 
dioxide. 

The following procedure will serve to illustrate the process: Magnesia in the 
form of lumps is burnt at a high temperature. The lumps are soaked with a solu- 
tion of nickel nitrate so that the magnesia contains from about 2 to 5 per cent of 
nickel, and then; after heating to decompose the nitrate, the product is placed in a 
contact furnace and a mixture containing methane and steam is passed over it at 
from 800° to 1000° C. The reaction takes place rapidly and the activity of the 
catalytic agent does not diminish. Another method of producing a catalyst of this 
character, recommended by Mittasch and Schneider consists in precipitating metallic 
nickel on a carrier by the decomposition of nickel carbonyl. 

Instead of gaseous hydrocarbons, either liquid or solid hydrocarbons can be used, 
in which case the latter are first vaporized or are injected directly into the reaction 
space, or the pipes leading to the reaction space. Further, mixtures containing 
hydrocarbons can be employed such as coal gas. The nickel also can be used in 
admixture with other metals or metallic oxides. 

Brownlee and Uhlinger * employ a method of obtaining carbon 
monoxide, hydrogen and nitrogen from the products of combustion of 
internal combustion engines. 

Natural gas, coal gas, or other suitable gaseous, liquid or solid carbonaceous sub- 
stance, is mixed with an amount of air not sufficient for complete combustion, and 
the mixture is exploded in the cylinder of an internal combustion engine. The 
mixture is so regulated that the proportion of air is such as tn yield the largest 
practicable quantities of carbon monoxide and hydrogen. For example, if natural 
gas is used, a mixture of approximately 1 volume of gas to Gj volumes of air is prefer- 
ably employed with a compression before explosion of 70 to 80 lb. Under these 
conditions considerable power is produced and at the time good yields of carbon 
monoxide and hydrogen are obtained. The mixture of water vapor, carbon dioxide, 
carbon monoxide, hydrogen and nitrogen resulting after the combusUon or explosion 
is cooled to remove the moisture, then compressed, and the carbon dioxide, carbon 
monoxide and nitrogen liquefied in turn, thus leaving hydrogen in the gaseous state, 
but highly compressed. Instead of compressing and liquefying the carbon dioxide, 
•etc., after the removal of moisture by cooling, this gas may be absorbed with suit- 
able absorbents, as calcium hydroxide, and the carbon monoxide may be with- 
drawn by aramoniacal cuprous chloride solution, leaving the nitrogen and hydrogen 
to be separated by compression and liquefaction of the nitrogen. In place of air, 
nearly pure oxygen may be used.f A mixture of equal volumes of natural gas and 
oxygen may be employed under a compression of 70 to 80 lb. From 1000 cu. ft. 
of Pennsylvania natural gas 1300 to 1350 cu. ft. of hydrogen will be obtained. 

Brownlee and Uhlinger t describe a process of producing hydrogen 
and carbon black which consists in passing hydrocarbons, at a pressure 

• U. S. Patent No. 1,107,581, Aug. 18, 1914. 

t U. S. Patent- No. 1,107,582. 

tU.S,. Patent No. 1,168,931, Jan. 18, 191G, No. 1,265,043, May 7, 1918 and 
1,276,487, Aug. 20, 1918. See also 1,276,3.85 to MeCourt and Ellia. 



HYDHOOEN BY THE DECOMPOBlTION OF HYDBOCARBONS 481 


above atmospheric, over a highly heated mass of refractory material 
which is free from easily reducible riK'tallic oxides. The refractory 
material is first heated to about 1400° C. and then gas or oil vapors 
passed in from the top. The carbon is collected in a chamber and 
removed as collected by means of a screw conveyer. The hydrogen is 
purified if nece .sary and passed into a gas heater. Any carbon which 
may be deposited on the refractory material will be burned off on reheat- 
ing for further decomposition. Fig. 71/; shows a diagram of the appa- 
ratus. 

Bacon, Brooks and Clark * have devised a process for obtaining 
carbon black, and practically pure hydrogen, by the decomposition of 



hydrocarbons, the conditions of working being such as to insure a satis- 
factory yield of both products in a continuous operation. The apparatus 
employed is adapted to develop and maintain the high temperatures 
required and withstand, during long-continued use, the exacting require- 
ments imposed upon it. 

Bacon, Brooks and Clark state that unless the carbon black produced as one of 
the products of the decomposition is promptly removed from the high temperatures 
(exceeding 1200° C.) of the heating zone in which the decomposition is proceeding, 
such carbon black will deteriorate in quality for commercial uses, loskig its desired 
deep black luster, and becoming materially duller and grayer. Accordingly, the 
operation is conducted so that the particles of carbon black will remain suspended in 
the hydrogen, and are removed with the hydrogen from the zone of decomposition. 

* U. S. Patent No. 1,220,391, Mar. 27, 1917. See also No. 1,276,385, issued Aug. 20, 
1918, to McCourt and Ellis. 
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In Fig. 71c is shown a gas-tight metal shell, having a gas-tight cover. The 
casing is provided at one end with an exit pipe for the outflow of the carbon blacl 
and hydrogen, and has an opening at its opposite end closed by a removable gas- 
tight asbestos board closure. Within the casing is a lining of fire-brick and an innei 
lining of magnesite brick. In the chamber is located the heating element which ii 
made up of a double series of graphite rings cut in two diametrically. Througl 



stuffing boxes of the face plate there extend carbon rods, each of which is connectec 
to the same terminal of an electric heating circuit. The hydrocarbon to be dcoom 
{Kised is supplied in a thin stream through the inlet pipe on the left. It enters th( 
decomposition zone of the apparatus, made up of the annular walls of the series o 
graphite rings, which rings are heated by an electric current to a temperature ex 
ceeding 1200° C. and sufficient to flash and decompose the hydrocarbon into carboi 
black and hydrogen. The temperature of flashing or decomposition, and the (plan 
tity of liquid hydrocarbon injected are so adjusted that the gas pressure developei 



shall be sufficient to sweep the particles of carbon black without permitting then 
to settie in the decomposition zone of the apparatus. The carbon black is depositee 
in a settling chamber, and the hydrogen is carried on to a gas holder. The carboi 
black recovered is of a black silky luster, and the hydrogen is substantially pure. 

Ellis describes* a type of furnace connected to a checker-worl 
chamber, to be used for the heat decomposition of oils to yield hydrogen 
• U. S. Patent No. 1,092,903, Apr. 14, 1914. 



HYDROGEN BY THE DECOMPOSITION OF HYDROCARBONS 483 

A bed of coke in the furnace is heated to white heat and hydrocarbon 
oil entered above the bed where it is decomposed. The vapors pass 
through the heated checker work and are further decomposed. The 
furnace is provided with air and steam inlet pipes for blowing up the 
fire and for sweeping out contaminating gases. Fig. 7 Id shows this 
form of apparatus. 

By a modification of the Rincker-Wolter process* liquid hydro- 
carbons are converted into oil-gas, on contact with glowing coal or 
coke in the customary manner, and water gas or other gas containing 
hydrogen is led into the oil-gas generator with the object of converting 
the oil residues into hydrocarbons that can be gasified. The forma- 
tion of tar in the oil-gas generator is thus avoided. Two generators 
are used, each serving as a water-gas generator and an oil-gas generator 
alternately, t 

A portable plant of the Rincker-Wolter type, which may be used for military 
purposes, is arranged so compactly that it may be mounted on two ordinary railwaj' 
flat cars. The apparatus consists of two gas producers in which hydrogen is made 
from oil which is sprayed into the producer. The gas is then passed through puri- 
fiers and driers to give hydrogen of the desired purity. In case it is necessary to 
compress the gas a third car is necessary. X 

Barth § produces hydrogen by first decomposing oil in a furnace and 
then further heating the gas 
formed in a separate furnace 
to produce hydrogen. He 
claims for this method that 
there is an economical use of 
fuel and that the contact 
mass in which the hydrogen 
is formed does not become 
contaminated with carbon, 
etc. 

The furnace or vaporization 
chamber used by Barth, see Fig. 

71e, is constructed of an iron 
jacket which has a lining of re- 
fractory bricks, and which is filled Fig. 7ie. 

with a refractory grating or with 

coarse pieces of refractory material. The gases of combustion which escape from 
the generator during the blowing or reheating period are passed through the 

* British Patent No. 6,285, Apr. 27, 1915. 
t See also Canadian Patent No. 181,962, Feb. 5, 1918* 
t Scientific American Supp., Sept. 5, 1914, 155. 

$ U. S. Patent No. 1,172,925, Feb. 22, 1916. 
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refractory grating of the vaporization chamber. Near the end of the blowing 
period the gases contain a certain amount of carbonic oxide which is burnt within 
the vaporization chamber by admitting air thereto. By this operation the grating 
of refractory material within the vaporization chamber accumulates the heat 
which is necessary for vaporizing the liquid fuel and in some cases for partly 
decomposing the same. Finally the air supply is shut off, and the vaporized oil or 
other fuel is passed into the vaporization chamber through several nozzles and 
vaporized therein. The vapors arc passed through the glowing charge of coke 
within the generator, where they are decomposed in such a way as to split off carbon 
and to produce either an illuminating and heating gas (if the process is carried out 
at a temperature of about 1000° C)., or hydrogen (if the process is carried out at a 
higher temperature). The vapors of oil or other fuel are alternately passed through 
the generator in opposite dircclions, that is alternately from above downward and 
from below upward. Thereby the heat which has been accumulated within the 
generator is uniformly consumed, and the lower part of the generator which, during 
the blowing period, is subject to the highest strain is not brought t-o an excessive 
temperature. 

A process of producing hydrogen gas or gas containing this constituent is proposed 
by Lowe * which involves heating a bed of solid fuel to incjaiidescerice, in passing into 
the ignited mass a quantity of petroleum oil which breaks down into hydrogen and 
carbon. The hydrogen is removed and the dc^posit of carbon is subjected to com- 
bustion with an amount of air sufficient only to consume part of the carbon 
which has been deposited. Then further quantities of petroleum oil are injected 
into the fuel mass.f 

Snellingjt employs carbon compounds which are capable of dis- 
sociation by heat in a reversible manner, with 
the liberation of hydrogen. These compounds 
are heated in a closed chamber or tube with 
walls more permeable by hydrogen than by 
other substances present, and the hydrogen 
formed is thus withdrawn during the reaction. § 

An apparatus for producing hydrogen from natural 
gas, crude petroleum or garbage grease designed by 
Brunner II employs a series of vertical stand pipes 
alternately connected at top and bottom and internally 
sprayed with water to remove carbon and other im- 
Fia. 71/. purities. The water is finally discharged through a liquid 

seal at the bottom of each pipe. (See Fig. 71/.) The 
organic material is heated in an adjacent furnace (not shown). 

* U. S. Patent No. 1,174,511, March 7, 1916. 

t See also Frasch, U. S. Patent No. l,llcS,899; Nov. 24, 1914. 

t J. S C. I., 1915, 249; U. S. Patent No. 1,124,347, 12, 1915. 

§ Sec also O. P. & D. Reporter, Apr. 5, 1915, 34. 

II U. S. Patent No. 1,246,807, Nov. 20. 1917; Chem. Abs., 1918, 297; J. S. C. I., 1918, 
30 a. 




CHAPTER XXIII 


HYDROGEN BY THE ACTION OF STEAM ON HEATED 
METALS 

A large number of proposals for making hydrogen exist which are 
based on a very old reaction, namely, the passage of steam over red 
hot iron in a finely-divided state. The main reaction which occurs is 
3 Fe T 4 H2O = FC3O4 4 H2. 

On the large scale it becomes necessary to regenerate the iron material; 
which is effected by reduction, usually with water gas. With an im- 
pure gas slagging difficulties arise. Giffard found that the charge of 
iron soon became inefficient because the sulfur in the gas formed on 
the iron particles a resistant coating of iron sulfide, which also acted 
as a fiux and caused the iron material to sinter into a coherent mass. 
Hence prior purification of the reducing gas was found necessary for 
satisfactory operation. Apart from the sintering effect of sulfur on 
the iron material, the water gas should be freed from this element as 
otherwise the hydrogen would take up sulfur and poison the cata- 
lyzer. For each cubic foot of hydrogen produced, about three cubic 
feet of water gas arc required. This requires the purification of three 
volumes of water gas for one volume of hydrogen. 

Some of the processes described have had little or no commercial 
success, but are included because they involve certain features which 
are suggestive or instructive. 

Lewes * prepared hydrogen in the following manner: 

A retort, partly filled with iron borings, or with a mixture of iron and carbonaceous 
materiai, or with asbestos containing iron in a very fine state of division, is placed 
in the center of a gas producer. By means of an air blast the fuel in the producer 
is raised to a bright red heat and then a little steam is admitted together with the 
air. The gaseous mixture of carbonic oxide, nitrogen and hydrogen produced in 
this way is led from the top of the producer down through the retort. As soon as 
the iron oxide in the retort is completely reduced, and the requisite temperature 
has been attained, the producer gas is turned off and steam, previously heated in 
the producer, is passed over the iron, the hydrogen being led away to a gasometer. 
The process is then repeated as described. One of the advantages claimed for 
this form of apparatus is that the rapid cooling of the iron during the decomposition 
of the steam is prevented. Lewes claims (British Patent 4134, March 7, 1891) the 

♦ British Patent 20,752, Dec. 19, 1890. 
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use of a mixture of carbonic oxide, nitrogen and hydrogen for the reduction of oxide 
of iron in the above process. This gaseous mixture is regarded as a better reducing 
agent than carbonic oxide, and is easily obtained. The finely-divided iron employed 
for the production of hydrogen is prepared by saturating asbestos or pumice with 
certain iron salts, which are easily decomposed into oxide of iron on heating, or by 
mixing moist hydrated oxide of iron with asbestos fiber and iron filings. 

The Dellwik-Fleischer Wassergas-Ges. m. b. H.* prepare iron by 
the reduction of a mineral oxide which retains both porosity and re- 
sistance after repeated use. In order to prevent deposition of carbon 
during the reduction of the iron oxide in the retort, the reducing gas 
is mixed with a volume of steam equal to at least half the sum of the 
carbon monoxide and hydrocarbons present in it. It is also found 
economical to carry the reduction only half way instead of completely 
to the metal, and this, moreover, gives purer hydrogen since no carbon 
can be deposited during such partial reduction. In British Patent 
7849, of 1909, the Dellwik-Fleischer (^o. make use of iron pyrites 
roasted to expel all sulfur and volatile metals.f 

Hydrogen gas is produced according to Hills and Lane J by passing 
steam, preferably superheated, over iron contained in heated retorts; 
and the mixture of hydrogen and steam is led through coolers, from 
which the hydrogen passes to a gasometer. By means of reversing 
valves, controlling inlet and outlet passages, a reducing gas, such as 
water gas, coal gas or the like, is then led through the retorts to reduce 
the iron oxide formed, and then steam is again passed through. Lane 
and Monteux § secure the production of pure or nearly pure hydrogen 
in a continuous manner by the action of steam on red-hot iron. Finely- 
divided iron is contained in a series of vertical retorts, heated exter- 
nally by gas, in combination with a regenerative system. The retorts 
are so connected that a current of steam passes through some, while 
the iron oxide, already formed, is being reduced in others by a stream 
of reducing gas sent in the opposite direction. Oxidation and reduc- 
tion thus take place alternately, oxidation being found to occupy only 
half the time of reduction. The hydrogen produced is cooled and 
purified, to remove traces of carbon dioxide, etc. The reducing gas 
is made in a producer, and by introducing an excess of steam, it be- 
comes rich in hydrogen. The excess of reducing gas is utilized for 
heating the retorts. After repeated use the iron becomes inactive, 
owing to an accumulation of impurities, but if these are burned away 

* French Patent 395,132, Oct. 10, 1908. 

t British Patent 21,479, Oct. 10, 1908, and 7849, April 1, 1909. 

t British Patent 10,356, May 7, 1903. 

{ French Patent 386,991, Feb. 7, 1908. 
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by the occasional admission of air, the efficiency of the iron is said to 
be restored. 

As it has been found in practice that the reducing reaction takes considerably 
longer than the generation of hydrogen, the Lane process (British Patent 17,591, 
July 29, 1909) may be carried out in three or more groups of retorts, the greater part 
of which are constantly subjected to the action of reducing gases for the regeneration 
of the iron, or other hydrogen-producing substance. The retorts communicate 
with one another by means of a series of pipes, fitted with controlling valves, so 
that steam or the reducing gases may be admitted as required. The hydrogen, 
which is evolved in the first few minutes of the operation, being impure, is diverted 
from the collector of pure hydrogen, and mixed with the water gas used for reduction. 
A considerable excess of water gas is used for reduction, and it undergoes a very 
thorough system of purification before being admitted to the retorts; the excess, 
which issues, is freed from the accompanying steam and used again. Means are 
provided for forcing hot air through the reaction chamber, which is done periodically 
between the two reactions so as to burn out objectionable impurities, especially 
sulfur. For the purification of the excess of water gas, or other reducing medium, 
which issues unchanged from the reducing retorts, the gas is passed into a cooler 
and washer, which removes mechanical impurities, and thence into a compressor. 
From the latter it passes under a pressure of several atmospheres into a strong 
receiver. The latter contains coke or the Uke material, down which cold water is 
distributed by means of a pump or other forcing device. The compressed gas, 
coming into contact with cold water, is freed from such impurities as sulfur dioxide, 
hydrogen sulfide, carbon dioxide, etc., either by solution or by condensation, being 
at the same time deprived of the greater part of its moisture.* 

With the Lane and similar apparatus it has been found t that the 
hydrogen gas obtained contains a relatively large proportion of gaseous 
and solid bodies or impurities, produced concurrently with the hydro- 
gen and whose presence considerably increases the quantity of reducing 
gas necessary for carrying out the reduction operation, as well as the 
time' necessary for effecting the deoxidation of the contact material. 
The presence of these impurities in the hydrogen gas is due to the fact 
that the reducing agent contains sulfur, carbon, etc., which either 
become deposited on the contact material or generate gases such as 
sulfurous acid, sulfuretted hydrogen or carbon dioxide. After the 
reduction phase a certain quantity of free reducing gas still remains 
in the retort, the presence of which contaminates the hydrogen and 
consequently lessens its commercial value. 

Lane, therefore, proposes means for removing the reducing gas as 
well as the sulfur, carbon and other impurities between the two 
oxidizing and reducing steps of the process. To this end the retort 
is provided at each extremity with a multiple-way controlling valve 
adapted to establish communication between that end of the retort 

* Lane, British Patent 11,878, Jan. 29, 1910. 

t Lane, U. S. Patent 1,028,366, June 4, 1912.J 
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and any one of three pipes connected respectively at the one end of the 
retort to a supply of air under pressure, a supply of reducing gas, and 
a hydrogen receiver, and at the opposite end of the retort respectively 
to an outlet, a gas-washing and regenerating apparatus, and a supply 
of steam under pressure. 

In Fig. 72 A is the retort provided with an inlet B at the lower end and an outlet 
C at the upper end, and F and G arc four-way valves which are capable of being 
rotated by means of hand-wheels H and J so as to open communication on the one 
hand between the retort A and either the pipe K connected 
to a hydrogen container, a pipe M connected to a supply 
of reducing gas, or a pipe N connected to a supply of air 
under pressure, and on the other hand either with a dis- 
charge pipe 0, a pipe P leading to a gas-washing or regini- 
erating apparatus and a pipe Q connected to a supply of 
low-pressure steam. Assuming that the contact material 
in the retort has been oxidized during the previous hydro- 
gen-producing phase, the sequence of operations is as 
follows. In the first place the impurities deposited on the 
contact material during the previous reduction phase, or 
present in the gaseous state in the retort, are removed by 
effecting their combustion. This is effected by rotating 
the valve G one-quarter of a revolution so as to admit 
air under j)ressure to the lower part of the retort through 
the pipes N and D, and rotating valve F so as to force 
out the products of combustion into the atmosphere 
through the pipes E and 0. The valve G is then rotatcid 
so as to admit reducing gas to the retort through pipes 
M and D and rotating valve F so as to open communi- 
cation between the upper part of the retort and the gas- 
washing or regenerating apparatus through pipes E and P. 
At the completion of the reducing phase the valve F is 
rotated so as to connect the upper part of the retort with 
the supply of steam under pressui'c through pipes Q and 
Ef whereupon the pressure of the steam being greater 
than that of the reducing gas remaining in the retort, the latter is forced out 
through pipes D and M carrying with it the impure hydrogen which has been 
generated by the action of the steam on the sulfur, carbon, etc., deposited on the 
contact material. As soon as it is found that the hydrogen passing out through 
pipe M is sufficiently pure the valve G is rotated so as to deliver the gas to the 
hydrogen container, after which, air is then again passed through the retort in the 
manner previously described.* 

♦ Lane (U. S. Patent 1,040,218, Oct. 1, 1912) purifies the reducing gas in the 
manufacture of hydrogen by the alternate oxidation and deoxidation of iron, by 
compressing the reducing gas to a pressure of several atmospheres and then causing 
it to flow (while still under pressure) in contact with an oppositely flowing stream 
of water. To increase the effectiveness of the washing operation, the gas is passed 
thrpugh a coke tower through which water is flowing in an opposite direction. 
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Fig. 73 shows the Lane system as installed in the works of a large 
soap manufacturer in England. Figs. 74 and 75 show the same system 
installed at a plant near Paris. 

Lane states * that in practice it has been found difficult to obtain 
pure hydrogen in consequence of the steam admitted to the retort 
during the oxidation state coming into contact with the reducing gas 
admitted during the previous reduction state and with the sulfur, 
carbon, etc., asso(!iatcd with and introduced into the retort by this 



Fio. 73. 


gas, the result of which contact being the formation of sulfuretted 
hydrogen, sulfurous acid, carbon dioxide, etc., and consequent con- 
tamination of hydrogen produced by the action of the steam. Lane 
proposes to remove the sulfur, carbon and other impurities left by the 
.reduction phase, by admitting air under pressure to the retort and 
discharging the products of combustion into the atmosphere. The 
admission of air to the retort and the discharge of the products of 
combustion then ceases and reducing gas is admitted and passed 
through and out of the retort to a gas-washing and regenerating appara- 
tus. When the reduction stage has been completed the admission of 
reducing gas is shut off and steam admitted. As a certain proportion 
of reducing gas will then be present, impure hydrogen will be produced 
and this is allowed to go to waste, until the product is found to be 
sufficiently pure. Thereupon the outlet to the atmosphere is closed 
and the hydrogen passed into a storage tank. 

♦ U. S, Patent 1,078,686, Nov. 18, 1913. 


490 


THE HYDROGENATION OF OILS 


A process devised by Messerschmitt * depends upon the alternate 
oxidation of spongy iron by means of steam, with the evolution of 



Fio. 74. 


hydrogen, and the reduction of the resulting iron oxide t by means of 
reducing gas(‘s, such as water gas. 



Fhi. 75. 


* French Patent 444,105, May 22, 1912. 

t After iron oxide has been used for a time it becomes partially or wholly inac- 
tive and ha» to be replaced by fresh material. It has been proposed to make the 
reducing chamber vertical with a grate at the bottom through which the spent oxide 
majr be removed from time to time just as ashes are withdrawn from a gas producer- 
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An upright, cylindrical reaction chamber made of iron is suspended inside a 
furnace chamber, with which it Ls in open communication at the bottom, the lower 
end of the cylinder being provided with a grate to support the column of reacting 
material. The width of the reaction cylinder is relatively small, so that the contents 
may readily be heated from all sides, and the furnace chamber is provided with 
checkerwork constituting a superheater. Both the reaction cyhnder and the 
furnace chamber arc capable of being scaled, and are provided with a system of 
pipes and valves, enabling the introduction of either steam or water gas into the 
reaction cylinder or the furnace chamber. An air-supply pipe communicates with 
the furnace chamber, and a pipe leading from the top of the reaction cylinder can 
be put into communication with a gas purifier and the steam-raising plant. The 
process is carried out in three phases; water gas and air are first burned in the furnace 
chamber until the material inside the reaction cylinder has reached the required 
temperature. The air supply is then cut off and water gas, flowing in at the bottom 
of the furnace, becomes strongly heated, enters the open lower end of the cylinder, 
traverses the mass of iron oxide in an upward direction, and finally passes off at 
the top to the steam-raising plant, where any combustible gases are utilized. When 
the reduction of the iron oxide is coniiiletc the supply of water gas is cut off and 
steam is introduced, first into the bottom of the furnace to sweep out any residual 
gases from the second operation (the furnace being in direct communication with 
the chimney while this is going on), and then into the top of the furnace chamber, 
from which it passes downwards through the hot checker-work and finally upwards 
through the mass of spongy iron. Hydrogen issues from the top of the reaction 
cyhnder and travels through a purifier into a gasometer. The iron recejitacle may 
take the form of two concentric cylinders, the reaction material being in that case 
charged into the annular space between the two. The cylinders are periodically 
heated and reduced by means of the reducing gases, both inside and outside. 

Messerschmitt has proposed to use compact iron (wrought iron or 
steel) as a support for spongy iron; only the surface layers of the com- 
pact iron taking part in the reaction. The spongy iron may, for 
example, be placed in the channels of a number of iron bars of U-shaped 
cross-section, or in perforated moulds, tubes, boxes or troughs of 
compact iron.* 

Elworthy f asserts that the various apparatus proposed for the pro- 
duction of hydrogen by the steam and iron method are subjected to 
serious drawbacks in practice, owing to the liability of the iron to cake 
together and to its difficulty of access and removal. 

The iron rapidly cakes and chokes, so that the steam or gas comes into 
contact with only a small proportion of the active surface and loss of efficiency 
results. It is thus frequently necessary to remove and replenish the iron; but this 
is a troublesome operation, owing to the construction of the furnace and difficulty 
of the removal of the iron. Hence Elworthy places the iron in finely-divided form 
in a large number of separate trays of refractory fire-brick or the like, each adapted 
to contain a shallow layer of iron in finely-divided form and to be built up in succes- 
sive layers from bottom to top of the furnace, so as to form a close-lying refractory 

* British Patent 12,117, May 22, 1912. 

t U. S. Patent 778,182, Dec. 20, 1904. 
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filling (Fig. 76). The trays are open at their ends to enable the steam or gas to 
pass freely over them in contact wit-h the iron when built up, and they have sup- 
porting flanges for supporting the under face of one tray at a suitable distance from 
the material on the tray below, and this under face of the tray radiates a quantity 
of heat onto the shallow layer of metallic iron during the heat-absorbing or oxidizing 

stage, while at the same time super- 
heating the steam as it passes along 
the narrow shallow channid between 
the upper and lower series of trays. 
When the trays are built up in the 
furnace, they form a number of nar- 
row flues containing a shallow layer 
of iron and running in a zigzag course 
from bottom to top of the furnace 
and affording free passage for the 
steam or reducing gas. These narrow 
flues, so to speak, divide up the mass 
of refractory material into a cellular 
structure such that the gases can 
pass freely through the cell flues over 
the iron. 

Messerschmitt * employs spongy 
iron produced from fragmentary oxide 
iron ore (i.e., an ore containing 
Fe 203 ). Only si)ongy iron j)roduced 
from such oxidized iron ore is re- 
garded by Messerschmitt as pos- 
sessing the requisite porosity and 
strength for carrying out the proc- 
ess. 

The effect of using ferric oxide as raw material, it is claimed, is that the oxide 
after reduction becomes porous throughout its entires mass on account of the de- 
crease in volume consequent upon the removal of the oxygen therefrom and thus 
an increased surface is exposed to the subsequent action of the steam. The use of 
ferric oxide in the form of oxide ores is important because the lumps of this ore, in 
consequence of its peculiar natural texture, maintain their shape in spite of repeated 
reductions and oxidations and the ore possesses the necessary strength to withstand 
the pressure of superimposed layers; if this were otherwise the path for the gases 
would become choked by the crumbling of the ferric oxide and continuous working 
would be impeded. The gangue, clay, silica and other components of the ore have 
■for effect to prevent (in spite of high temperatures which may be produced either 
intentionally or in consequence of irregular working of the furnace) a sintering of 
the charge, the latter thus constituting a sort of rigid incombustible carrier for the 
oxides and the iron sponge. 

The presence of carbon monoxide in hydrogen gas-mixtures as at present produced 
by the action of steam on reduced iron is to be ascribed to the following: If ferric 
oxide be reduced by means of carbon monoxide metallic iron and carbon dioxide 
are formed, but simultaneously a considerable quantity of carbon is precipitated 
from t he carboT^ monoxide. Hence, if after completion of the reduction phase of 

* U. S. Patent 971,206 of Sept. 27, 1910. 
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the process, steam be led over the mixture containing spongy iron thereby produced, 
there is produced not only hydrogen according to the equation, 

3Fe + 4H20 = Fe304 + 4H2, 

but also at the same time carbon monoxide and carbon dioxide resulting from the 
reaction of the steam on the carbon present, thus contaminating the hydrogen. 
Since the carbon present is incompletely decomposed by the steam at the compara- 
tively low temperatures used, the caxbou increases more and more by the repeti- 
tion of the cycles (i.e., of the reduction and oxidation phases of the process) and 
consequently the impurity of the resulting hydrogen becomes greater and greater. 
From this the necessity of employing means for the prevention of the precipitation 
of carbon during the reduction phase will be evident. The precipitation of carbon 
from the heated carbon monoxide takes place, according to the equation, 

2CO = C + COa. 

In order to prevent this precipitation of carbon the following method is used by 
Messerschmitt: 

The gases destined for reduction and containing carbon monoxide and hydro- 
carbons are mixed with a quantity of steam such that the steam volume amounts, 
at the most, to half of the volume of the carbon monoxide plus that of the hydro- 
carbons. For reducing the ferric oxide (or Fe 304 ) this mixture may be directly led 
into the retorts or tubes containing the iron oxide without a considerable amount of 
carbon being precipitated. The reason of this result is explained as follows: If 
carbon monoxide be mixed with steam, hydrogen and carbon dioxide are formed 
and < : le volume of the first is the same as that of the carbon monoxide transformed 
into dioxide by the oxidation. In place of CO therefore an equal volume of Ha and 
an » qual volume of OOa is formed according to the equation, 

CO + HaO = Ha + COa. 


In general the reaction with hydrocarbons is as follows; 

CmHn + 2 mHaO = 2 mHa + nH -f mCOa. 

For every volume of hydrocarbon therefore one volume of COa and more than 
two volumes of hydrogen are formed. Now as only half of the carbon monoxide 
is oxidized by the steam to COa (since the amount of steam added is only half that 
qf the CO) as final product a gas of the following composition is obtained according 
to the equation, 

2CO + HaO = C0 + H2 + C02. 

The gas used for reduction of the iron therefore would yield for every volume of 
carbon monoxide one volume of hydrogen and one volume of carbon dioxide, or 
for two volumes of reducing gases one volume of carbon dioxide. This proportion, 
however, should not be changed on account of the reducing gases because otherwise 
the reduction of the Fe 304 to metal no longer takes place. For this reason the 
addition of steam is restricted according to the above equation in order that the gas 
and steam mixture may be used directly for the reduction of the iron. This reduc- 
ing gas of the composition CO 4* Ha -f COa, however, precipitates considerably less 
carbon during the reduction than pure carbon monoxide or carbon dioxide mixed 
with nitrogen (producer gas) would do. The reason for this lies in the presence of 
the hydrogen. The latter first attacks the ferric oxide with the formation of steam 
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which again reacts on the carbon monoxide and thus again produces hydrogen 
and carbon dioxide. By this means the carbon monoxide tending to precipitate 
carbon is continually reduced, whereas the carbon dioxide and the hydrogen (neither 
of which precipitates carbon) is increased. From this Messerschmitt concludes 
that the presence of hydrogen considerably restricts the precipitation of carbon from 
the carbon monoxide. Hence Messerschmitt proposes to provide for the addition of 
steam in such manner that its volume only amounts to about half of the combined 
volume of the carbon monoxide and that of the hydrocarbons contained in the gas. 

The reduction of ferric oxides to spongy iron by means of reducing gases takes 
place very gradually, the iron being gradually reduced to lower stages of oxidation 
according to the following equations, 

3 FejOa + CO = 2 Fe304 + CO 2 , 

2 Fe304 + CO = FcbOt + CO 2 , 

Fe 304 + C0 = 3FcO + CO 2 , 

from which combinations metallic iron is formed by a further reduction according 
to the equation, 

FeeOT + 7CO = 3Fe2 + 7 CO 2 . 

A surplus of reducing gas is necessary in order to render the reduction to spongy 
iron complete. Since between the products of oxidation (CO2, ILO) produced and 
the reducing gases (CO, H, CnHm) a relationship of equal weights, according to 
Messerschmitt, subsists which is not affected even by prolonged reaction on the 
ore, the waste gas of the reduction always contains a considerabh' amount of reduc- 
ing gases. The more unfavorable the proportion of undecomposed and decomposed 
gases in the waste gases becomes, the more diflicult it is to reduce the ore. Reduc- 
tion takes place easily at the beginning, wheretis it becomes more difficult as the ore 
becomes poorer in oxygen and the further reduction to spongy iron has progressed. 
It is immaterial for the production of the hydrogen whether, during the reduction 
phase metallic iron or a lower stage of oxidation than that of black oxide of iron is 
produced, since Fe as well as FcO and FeoOy for instance are oxidized to Fe304 when 
acted on at incandescence by means of steam while giving off hydrogen according 
to the formula, 

3Fe + 4H20 =Fe304 + 4 H 2 , 

or 

FocOt -f- H 2 O = 2 Fe 304 H- H 2 . 

Now it has been found that the proportion of the gases necessary for the reduction 
relatively to the hydrogen produced during the oxidation phase remains relatively 
‘small and that efficient, working is secured if the reduction of the ferric oxide 
(Fe304) during the reduction phases is only incompletely effected (at most only half 
reduced). 

By the reaction of the steam during the oj^idation phase, several gases, methane, 
carbon dioxide and hydrocarbons, are formed from carbon iron combinations, con- 
taminating the hydrogen. Absorption of carbon is impossible as long as (in addition 
to spongy iron) a surplus of oxides is contained in the ore. If, for instance, carbon 
were actually taken up it would of necessity have to be decomposed again by the 
oxygen of the oxide present, according to the equation, 


FoiOr 4" G = 6 FeO -j- CO. 
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A simple form of apparatais devised by Messersehmitt * * * § is shown 
in Fig. 77. The eonta(;t mab'rial in this ease is iron in the form of 
tubes. These are shown at d in the furnaet! chamber /. The tubes d 
slip over the upright tubes c projecting from the top of the distrib- 
uting chamber h. A filling of sand around the base of these tubes d 
seals them and yet allows their 
ready removal when replacement 
is required. The reducing gas is 
introduced by the inlet a.f 

In another type of furnace for 
the production of hydrogen from 
reduced iron and steam, Messer- 
schmitt t makes use of apparatus 
as shown in Fig. 78. The reaction 
is carried out at different planes in 
this furnace. The walls are pro- 
vided at different heights with 
heating channels cc. The gas and Fig. 77. 

air nozzles 1, 2, 3 and 4 are so dis- 
posed that the heating gases are discharged tangentially into the 
furnace in such a manner as to prevent local overheating of the iron. 
The oxidized iron in the different zones of the furnace is successively 
reiluced and heated and the waste gases from one zone are burned 
by the aid of a blast of air in a higher zone. In the upper part of 
the structure the checkerwork g enables preheating of the reducing 
gas and steam. 

Nat’iral ores of manganese or of manganese and iron are employed 
by Messersehmitt § in place of ordinary iron ore. It is stated that 
hydrogen is obtained in good yields at 700° to 800° C. or about 200 
degrees lower than with iron sponge. 

* Chem. Ztg. Rep, (1913), 521. 

t A description of apparatus recently recommended by Messersehmitt appears 
in Chem. Zeit. Rep. (1913), 696. (German Patents 266,863, July 9, 1911, and 
267,594, Feb. 9, 1912.) Messersehmitt has also taken out German Patent 268,339, 
Oct. 18, 1912, supplementing patent No. 267,594. (Chem. Zeit. Rep. (1914), 31.) 
A method for the manufacture of hydrogen by the alternate oxidation and reduc- 
tion of iron is described by Messersehmitt in German Patent 268,062, Nov. 3, 1912. 
(Chem. Zeit. Rep. (1914), 22, and Zeitsch. f. angew. Chem. (1914), 47, No. 5; (1914), 
61, No. 7.) See also German Patent 263,390, July 24, 1912. 

X Chem. Zeit. Rep. (1913), 521; German Patent 263,391, July 26, 1912. 

§ J. S. C. I., 1914, 201 ; French Patent 461,480, Aug. 19, 1913. Additional methods 
employed by Messersehmitt for the generation of hydrogen are described in J. 8, C. I., 
1914 , 313 . 
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An apparatus employed by the Internationale Wasserstoff-Aktien- 
Gesellschaft is shown in Fig. 79. On the left is a gas producer sup- 
plying fuel gas to heat the two vertical retorts shown on the right. 
The heating gases and products of combustion move in the direction 
indicated by the arrows and finally pass to an exit flue. The valves 



a and h are opened and water gas flows through the iron ore filling the 
retorts, reducing iron oxide to finely-divided metallic iron. When 
reduction has sufficiently progressed the valves a and h are closed and 
the three-way valve c is opened. Steam is admitted by tfie valve d 
and hydrogen is withdrawn at e. When the iron becomes reoxidized 
the steam is shut off and the oxide again reduced by water gas. The 
reducing gases after passage through the retorts are burned in the 
combustion chamber. The hydrogen exhibits a purity approaching 
98 per cent at a cost of 4 cents per cubic meter.* 

The above concern t employs iron pyrites waste as raw material, 

♦ Chemie der base, Rrahmer, Frankfort (1911), 93. 

t It should be stated that the Internationale Wasserstoff-Aktiengesellschaft of 
G«riiiiaijy ;;ir the oWh#' ?^ a considerable numb» of processes and patents (I wag 
.Statunl dliihie nrod^tion of hvdroeen. 
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which has been deprived of sulfur, arsenic and zinc by roasting; 
this material is porous and refractory and retains these properties 
after repeated use.* 

By another process a ferruginous mass is treated alternately with 
steam and a purified reducing gas, both of which are preheated in 
regenerators situated outside the reaction furnace, so as practically 
to avoid transference of heat by conduction from these to the furnace. 
The reducing gas leaving the reaction furnace is burned with oxygen 
or air in the regenerators, and the process may be made continuous 
by employing two or more regenerators with a central furnace, and 
passing steam and gas through the system, first in one and then in the 
opposite direction. t 

In Fig. 80 is shown a hydrogen-generating apparatus designed by 
Strache4 X is a gas producer, the gas from which passes through 
the reaction chamber E, containing iron filings, and is burned in the 
checkerwork R. On passing steam through the checkerwork in a 
reverse direction the steam becomes superheated and when brought 
into contact with the iron filings in E hydrogen is produced and is 
withdrawn at W. Another apparatus designed by Strache § is shown 
in Fig. 81. The water-gas generator 2, provided with inlets 25 and 4, 
for steam and air respectively is connected with the reaction chamber 
6, by the pipe 5, provided with a gas-discharge pipe 24. Just above 
the place where the pipe 5 enters the reaction chamber is a baffle 22, 
and on the opposite side of the chamber is a similar baffle 23. A 
branch from the air-supply pipe opens just below the baffle 22, and 
similar branches open at 8 and 9. The reaction chamber 6 is divided 
into compartments by gratings on which the iron reaction material is 
placed. In the upper part of the chamber, above a regenerator 10, 
are purifying retorts 11, the gas to be purified entering by 20 and the 
purified product leaving by 21. When the apparatus has been brought 
to the proper temperature and is ready for the production of hydrogen, 
steam is introduced through the pipe 14, below the valve 13, so as 
to displace any gases from the pipe 5 and the ash-pit 15. Steam is 
then introduced through the tube 18, below the valve 12, displacing 
gas from the reaction chamber from the top downwards. The hydro- 
gen produced passes away through 19 to a holder, from which it may 
be passed through the pipe 20 into the purifying retorts 11, charged 
with potash lime. 

* French Patent 405,200, July 19, 1909. 

t Pritish Patent 2096, Jan. 25, 1913, Badische Anilin und Soda Fabrik. 

t Brahmer, Chemie der Gase, 91. 

Gennan Pat^t 253,705, Oct. 26, 1910. 
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The claim is made by Dieffenbach and Moldenhauer * for the use 
of the residue left on roasting spathic iron ore in the air, in the prep- 
aration of iron to be employed in the decomposition of steam. This 
material is very porous, and is in most cases free from substances 
which would have injurious effects in the manufacture of hydrogen. 
They also claim f the use of alloys of iron with manganese, chromium, 
tungsten, titanium, aluminium or other similar elements as the primary 
materials. These have the advantage that they are not fusible, do 



not soften, and do not form fusible or soft compounds with iron or its 
oxides. In place of alloys, mixtures of iron or its oxides with the other 
elements specified, or their oxides, may be employed, for instance in 
the form of briquettes. 

In the preparation of hydrogen by the alternate action of steam on 
iron and of reducing gases on ferric oxide, the iron soon loses its activity 
owing to fritting, etc. The Badische Anilin und Soda Fabrik | claim 

* German Patent 232,347, Feb. 6, 1910. 

t French Patent 444,044, May 20, 1912. See also Zeitsch. f. angew. Chem., 1914, 
No. 25, 222. 

t French Patent 440,780, Feb. 29, 1912. 
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as remedies: the use of fused iron oxides, especially in conjunction 
with refractory and difficultly reducible oxides of high melting-point 
such as magnesia or zirconia, the iron oxides being prepared by the 
fusion of metallic iron in the presence of air or an oxidizing agent; 
fused iron oxides may be used in conjunction with a silicate as well as 
similar naturally occurring minerals such as magnetite. The Badische 
Anilin und Soda Fabrik * also recommend spongy iron prepared by 
the reduction of minerals or oxides of iron by means of carbon, employ- 
ing external heating. The metal is said to retain its porosity after 
repeated use. Spongy Swedish iron,” prepared in the above manner, 
is especially suitable. 

The Berlin-Anhaltische Maschinenbau-A-G.f has an apparatus for 
making hydrogen by the iron-sponge system which considerably facili- 
tates the handling of the ore and the regulation of the temperature. 

Belou t prepares hydrogen by causing steam (preferably super- 
heated) to pass over red-hot iron in retorts. Hydrogen and oxide of 
iron are thus formed. The hydrogen passes on to a gas holder for use, 
and the oxide is reduced to metallic iron again by the introduction of 
charcoal dust. This latter operation generates so much heat that the 
retort is again immediately ready for decomposing steam. By using 
a number of retorts and carrying on the two processes of decomposi- 
tion and revivification alternately, the production of hydrogen may 
be made continuous. Suitable provision is made for the removal of 
the carbon monoxide and dioxide formed during the revivification. 

Highly-heated tubes of refractory earthenware, partly filled with iron filings, and 
in which a partial vacuum has been previously produced, are used by Oettli (British 
Patent 16,759, Sept. 4, 1885). A certain proportion of hydrogen is added to the 
steam, and this, together with the action of the iron filings, is claimed to tend to 
destroy the equilibrium conditions and to prevent the hydrogen formed by th(^ 
decomposition of the steam from re-uniting with oxygen. This effect is said to be 
promoted by the reduced pressure in the tubes, and by the loss of heat due to the 
splitting up of the aqueous vapor. From the tubes the gases pass through separators 
to gas holders. 

. Vignon’s apparatus § consists of a set of retorts containing iron 
oxide. A reducing gas is led from a gas producer, through a suitable 
purifier, into the retorts for the reduction of the iron oxide. The heat 
formed thereby is utilized for the regenerative heating of the air 
blast for the producer. The heat of the hydrogen gas produced is used 
for superheating the steam. A set of four valves can be manipulated 

♦ French Patent 453,077, Jan. 11, 1913. 

t J. S, C. L, 1914, 266, and British Patent, 28,390, Dec. 9, 1913. 

t British Patent 7618, May 26, 1887. 

,§ ,Spt Addition dat^ Dec. 27, 1907, and French Patent 373,271, Jan. 2, 1907. 
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by a single handle, allowing the regulating and reversing of the differ- 
ent gas currents. 

The process of Gerhartz * consists in blowing steam through a 
molten oxidizable metal, and subsequently reducing the oxidized metal 
for further use. Molten iron, for example, is introduced into a vessel 
lined with refractory material and provided with a perforated false 
bottom somewhat after the manner of the Bessemer converter. Steam 
under pressure is blown into the space below the false bottom and is 
decomposed while rising through the molten iron; the hydrogen pro- 
duced is led off through a suitable pipe, and the heat carried by it is 
utilized for generating steam. The fluidity of the molten iron is 
gradually diminished, and after a time the supply of steam is stopped, 
coke is introduced and the melt is blown with air in order to reduce 
the iron oxide which has been formed and thus restore the fluidity of 
the molten mass. 

A process brought forward by The Nitrogen Co.f involves reacting 
with steam on a molten or heated metal havihg a strong affinity for 
oxygen, which is thus absorbed. After collecting the residual hydro- 
gen, the metallic oxide produced is made to dissolve or disseminate in 
a body of fused salt in which it is brought into contact with a suitable 
reducing agent, the reduced metal being continuously returned for 
re-oxidation in the process. 

Illuminating gas, water gas or other gas containing free hydrogen, 
according to Jaubert,t is passed through retorts packed with briquettes 
formed of iron oxide with a refractory substance and a catalytic agent, 
the retorts being heated to 800° to 900° C.J Steam is afterwards 
passed through the retorts at the same temperature, yielding hydrogen. 
The briquettes are preferably composed of a mixture of 30 to 60 kilos 
of iron oxide (Fe 203 or FC 3 O 4 ), 15 to 25 kilos of fire clay or pumice, 15 
to 25 kilos of calcined magnesia and 5 to 15 kilos of the oxide of lead 
copper, chromium or manganese. 

The decomposition of water into hydrogen and oxygen by the action of con- 
centrated solar rays in presence of finely-divided iron and apparatus for effecting 
this is described by Claver.§ 

In the manufacture of hydrogen by alternately passing steam over 
iron, and water gas over the iron oxide thus formed, Caro || has devised 
a system by which portions of the water gas are burned in different 

* German Patent 226,543, June 23, 1909. 
t British Patent 17,666, Aug. 3, 1911. 
t Jaubert, French Patent 418,312, Sept. 23, 1909. 

§ British Patent 21,468, Nov. 12, 189^ 

II German Patent 849,269, Aug. 1910. 
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parts of the reaction chamber, so that in addition to the reduction of 
the iron oxide, a superheating of the reduced iron is effected. It is 
claimed that by working in this manner, the gas-making period can be 
considerably prolonged. 

Steam and hydrocarbons (such as those derived from iron carbides) 
are passed over red-hot iron which has been mixed with (preferably 
5 to 10 per cent of) copper, lead, vanadium or aluminium, either to- 
gether or separately. These metals according to Saubermann * cata- 
lytically accelerate the reaction between steam and iron, and also 
decompose the hydrocarbons. 

The action of mixtures of carbon monoxide and hydrogen on iron 
oxides is discussed by Gautier and Clausmann.f They passed a 
mixture of 3 volumes of carbon monoxide and 1 volume of hydrogen 
at 500° C. over the ferroso-ferric oxide derived from the calcination 
of a native ferrous carbonate. The substance formed contained about 
7 per cent of carbon, and 93 per cent of ferrous oxide and iron carbides 
in approximately equal proportions. When steam was passed over 
this substance at 400° C., a gas was obtained containing 90 per cent 
of hydrogen and 4 per cent of methane. Over iron (reduced from the 
oxalate spread over pumice) at 1250° C. was passed a mixture of 2 
volumes of carbon dioxide and 1 volume of hydrogen. The issuing 
gas, besides 23 per cent of carbon monoxide and 70 per cent of hydro- 
gen, contained 0.15 per cent methane. 

Messerschmitt t recommends as a contact material a mixture of 
spongy iron and manganese, cobalt or nickel. The mixture may 
be made by adding the other metal to the spongy iron and is used in 
powder form or molded into briquettes, or natural ores containing 
these metals may be used. This mixture has the advantage of not being 
easily poisoned and may be worked at a lower temperature. Man- 
ganese is of special value if a gas containing carbon is used in the reduc- 
tion stage, for manganese dioxide in the presence of carbon, oxidizes 
the latter. Superheated steam is passed through the reduced mass 
and generates hydrogen. § 

One form of the apparatus is shown in Fig. 81a. 

A shaft furnace for production of hydrogen from iron and steam is described by 
Messerschmitt 1 1 in which the annular reaction chamber is divided into sections by 
vertical projections from the walls or by partitions. 

* British Patent 401, Jan. 6 , 1911. 

tCompt. rend. (1910), 151 , 355. 

t V. S. Patent No. 1,109,448, Sept. 1, 1914; J. S. C. I., 1914, 962; see also French Patent 
No. 461,480, 1918; J. 8 . C. I., 1914, 201 . 

§ See^lso U. S. Patent No. 1,152,197, Aug. 31, 1915; British Patent No. 12,117, 1912; 
J. S, C 4 A, 1912, 1079; German Patent No. 291,603, Aug. 7, 1913; Chom. Abs., 1917, 983. 

Patent No. 291.902. Feb, 12, 1914; J, 8 , C. I., 1916, 927 ; Chem. Abs., 1017, 
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Another method by which Messerschmitt * generates hydrogen is as follows: 
The charge of the reaction chamber consists of spongy iron supported on and mixed 
with compact iron. See Fig. 816. The supports may consist of plates, grids or 
screens of iron, upon which is placed iron ore or similar material mixed with short 
iron bars or other pieces of iron. The charge thus consists of alternate layers of 
compact iron and spongy iron. In case of melting of the spongy iron the spaces 
still kept open for the flow of gas and when it becomes necessary to remove the 
charge, each plate of iron carrying the spongy iron can readily be removed. 

In another modification, Messerschmitt f arranges the material in an annular 
space bounded externally by a refractory furnace wall and internally by a refractory 
core or checker-work contained in an iron cylinder. By having the reaction mass 
arranged in a narrow annular column around a central combustion chamber. J 
With a given lateral thickness of material in the column, the ratio between heat- 




absorbing retort surface and quantity of material is the same whatever the dimen- 
,»ions of the apparatus. Using relatively thin layers of reaction material, a uniform 
circulation of the various gases through the material is attained more readily than 
with a retort of large cross-section and on account of the combustion chamber being 
within the reaction chamber, heat radiation losses are minimized. Fig. 81c indi- 
cates the form of apparatus used. 

An elaborated form of Messerschmitt apparatus is shown in Fig. 81d. § 
A pair of concentric cylinders, each open at one end, are arranged in 

*U. S. Patent No. 1,109,447, Sept. 1, 1914, J. S. C. I., 1914, 962. 

t British Patent No. 18,942, Aug. 20, 1913; U. S. Patent No. 1,152,196, Aug. 31, 1915; 
J. S. C. I., 1914, 593. 

t Messerschmitt, U. S. Patent No. 1,226,263, May 8, 1917; Chem. Abs., 1917, 2142 
See also German Patent No. 268,339, of 1912; J. S. C. I., 1914, 137; 1917, 695. 

§U. S. Patent Nos. 1,226,262 and 1,226,264, May 8, 1917; Chem. Abs., 1917, 2141; 
J. 8. C. I., 1917, 595; French Patent No. 441,015, 1912. 
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the furnace chamber. The ring-shaped space formed between the two 
cylinders serves to receive the ferrous charge. The furnace space 
surrounding the outer cylinder and that inclosed by the inner cylinder, 
are provided with brickwork checkers. 

Messerschmitt * subjects the reaction mass to combined external and internal 
heating in a modification of the furnace above described. Messerschmitt f also 
uses a reducing gas comprising a mixture of air and gas produced out of contact with 
the reaction mass and partly burnt, t Messerschmitt § in still another process pro- 
duces hydrogen by the alternate reduction and oxidation of iron ores, etc,, from 
iron by means of reducing gases and steam. The heating is effected by a gas of low 
calorific power, and the reduction by a gas of high calorific power. 

Naher and Noding |1 describe the following process of generating hydrogen* 



Steam free from air is superheated to about 1000® and passed successively over 
copper and iron, in a retort heated to about 800® C. To regenerate the metals from 
the oxides produced, the undccomposed steam from the retort is converted into 
water-gas, which is passed first over the copper oxide. The gases from the retort 
are led again into the water-gas generator to reduce carbon dioxide to monoxide 
•and this circulation is continued until the reduction of the metal oxides is complete 
and carbon dioxide is no longer formed, whereupon steam is again led through the 
retort to produce hydrogen. Since one volume of carbon dioxide yields two volumes 
of monoxide, the water-gas generator is provided with a valve by means of which 
certain proportion of the gas can be withdrawn to be used as fuel. NMher and 


♦British Patent No. 17,692, Aug. 1, 1913; Chem. Abs., 1915, .359. 
t British patent 17,691, Aug. 1, 1913; J. S. C. I., 1914, 593. 
t See French’“Patent No. 461,624, of 1913; J. S. C. L, 1914, 313. 

§ British Patent No. 17,690, Aug. 1, 1913; Chem.' Abs., 1915, 3.59. 
II G^an Patent No. 279,726, Aug. 7, 1913; J. S. C. I., 1915, 355. 
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N5ding * in carrying out this process heat the metals to at least 400® C. and the 
steam to at least 200® C. The metallic oxides produced are again reduced to metal 
at a temperature of at least 400® C. In the production of the reducing gases, coal, 
wood charcoal, metallurgical coke, gas coke, or soot, may be used as source of carbon, 
and small quantities of air, carbon dioxide, producer gas, water gas, or illuminating 
gas may be added to the steam; the reducing gases are produced at a temperature 
of at least 400® C. 

In connection with their process of producing hydrogen from steam and iron cut- 
tings, Naher and Noding f prepare cuttings by turning from cast iron with a steel 
tool held at an obtuse angle to the surface of the cast iron. In this way amorphous 
iron is obtained, consisting of thin, overlapping, very small flakes, which offer great 
surface for the action of the steam. Retorts charged with this form of iron may 
be more qui(;kly heated and less free sjjace is left between the particles of the charge, 
than is the case with other forms of charge. About six times more iron may be 
charged into the same space by using this product, and correspondingly more hydro- 



Fig. 81e. 

gen is generated. Furthermore, the charge retains its form for at last a week, at 
1000°. ‘The furnace is heated by oil and the water gas or generator gas is gene- 
rated at a high temperature. 

Naher and Noding I construct apparatus for the production of hydrogen from 
iron and steam by arranging a number of interchangeable cylindrical iron retorts 
fitround a tar-oil flame, in a cylindrical furnace. The waste gases are discharged at 
the bottom of the furnace to avoid losses of the atomized oil. Gas can be generated 
after an hour’s heating. 

Spitzer § uses producer gas to heat iron oxide in a generator and then 
reduces the iron material with water gas. The producer gas is mixed 
with an excess of air which tends to remove sulphur and carbon from 
the spongy iron. The same apparatus is used to generate both the 

^ * German Patent No. 286,900, June 13, 1914. Addition to German Patent No. 
279,726; J. S. C. I., 1916, 177. 

t German Patent No. 289,207; Chem. Abs., 1916, 2508; J. S. C. I., 1916, 638. 

X German Patent No. 290,667, Dec. 1, 1914; J. S. C. I., 1916, 602. 

§U. S. Patent No. 1,118,595, Nov. 24, 1914; see British Patent No. 6,166, of 1914; 
Chem. Aba., 1914, 920, and 1916, 29. 
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producer gas and water gas. After the iron is reduced superheated 
steam is passed through the mass and hydrogen produced. The waste 
gases are used to superheat the steam. In Fig. Sle a gas producer is 
shown on the right and an ore chamber on the left. Intermediate these 
two shafts is a purifier which is adapted to hold back dust carried by 
the gases coming from the producer. 

Schaefer * produces hydrogen from steam in an apparatus which con- 
sists of a core of coarse material such as iron bars, stones, etc., while 
the outer portion of the contact substance consists of finer pieces of 


tH 



iron. It is claimed that by this method a more equal distribution 
of heat is obtained than would be were all the particles of the same size. 

Fig. 81 / is a view of the hydrogen generator, b and hi being the coarse and fine 
iron material respectively. A layer of stones, a and ai, are placed at the top and 
bottom to better utilize the heat generated and to give an advantageous control 
over the reactions which take place. 

Schaefer t observes that the combustion of gas of high calorific 
value must take place with an excess of air, in order to avoid serious 

♦ U. S. Patent.No. 1,144,730, June 29, 1915; British Patent No. 16,140, 1914; Chem. 
Abs., 1916, 98;. German Patent No. 291,022, July 15, 1913; J. S. C. I., 1915, 834; Chem. 
Aba., 1917, 873. 

fU.'S. Patent No. 1,172,908, Feb. 22, 1916. 



HYDROGEN BY ACllON OF STEAM ON HEATED METALS 507 


drawbacks. If such a heating gas, for instance water gas, is burnt 
for the direct heating of iron, with only the quantity of air theoretically 
sufficient, local superheating is easily produced in the gas generator, 
which results in a sintering of the pieces of iron with which the flame 
first comes into contact. 

According to Schaefer, for the purpose of avoiding the drawbacks in question, 
the gas of great heating power is burnt, during the first heating of the iron, with an 
excess of air as to insure a perfectly uniform heating of the iron charge. As the 
heating gas, water gas is employed, this requiring for its completye combustion 2.4 
times its volume of air. If, however, water gas is burned in the generator and this 
proportion of air is exactly maintained, Schaefer states that local superheating results, 
with the adverse consequences above described. If on the other hand an excess of 
about 25 per cent over the theoretically correct quantity of air is used, i.e., 3 cubic 
meters of air to 1 cubic meter of water gas, local superheating is stated to be avoided 
and the charge of iron is heated in a uniform manner. 

A hydrogen generator described by Schaefer * is provided at the bottom with a 
conical grate below which is a closed heating chamber. A larger number of 
nozzles or slits can be obtained with a conical than with a flat grate, thus ensuring 
finer division of the hot gases. The emptying of the shaft is also easier as the conical 
grate guides the material to the laf-eral outlets. Schaefferf states that in an installa- 
tion for the production of hydrogen by the treatment of iron alternately with steam 
and with a reducing gas previously cooled and purified, the capacity of the apparatus 
in which the reducing gas is produced and of the cooler and purifier connected there- 
with, should be so adjusted that the gas may be supplied direct to the hydrogen- 
producing apparatus, the working pressure being regulated according to the vary- 
ing back pressure in the section of the plant in which hydrogen is generated and puri- 
fied. One or more elastic gasholders, placed underground, are interposed between 
the hydrogen generator and the compressing apparatus to receive excess of hydrogen 
and supply it to the compressing apparatus when the output of the hydrogen gene- 
rator is curtailed. 

Dempster | produces hydrogen by the action of steam on oxidizable material, 
with alternate reduction by a current of reducing gas (water gas). A pressure- 
regulating device is provided to prevent leakage of reducing gas into the hydrogen 
or steam connections, by ensuring a higher pressure in these than in the reducing 
gas mains. A vessel is divided into two intercommunicating compartments which 
contain water; one compartment is in connection with the water-gas inlet main 
and is provided with an overflow passage, while, in the other compartment, water 
forms a seal between the hydrogen outlet main and the hydrogen scrubber. Any 
increase of pressure in the water-gas inlet main, acting upon the surface of the water 
in the first compartment, increases the depth of seal in the second compartment 
and necessitates therefore a corresponding increase of pressure in the hydrogen outlet 
main, and in the supply of steam. 

R. and J. Dempster, Ltd. (Manchester, England), furnish hydrogen- 
ating equipment similar to that shown in Fig. 81 y. The plant con- 

* German Patent No. 290,529, May 3, 1914; J. 8. C. I., 1916, 602. 

t J. S. C. I., 1916, 538; German Patent No, 289,208, April 1, 1914. 

X British Patent No. 16,893, July 16, 1914 ;'J. S. C, I., 1914, 1046; Chem. Abs., 1916, 258. 
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sists of a blue water-gas equipment, water-gas holder, rotary exhauster, 
steam engine and purifiers, a hydrogen bench (generators) hydrogen 
scrubber and purifiers and a hydrogen holder. Steam of 60 to 80 lb. 
pressure is used. The retorts of the hydrogen bench arc heated by 
means of the blow gases of the water-gas generator. The author is 
advised that the cost of hydrogen of 98 to 99 per cent purity is about 
75 to 90 cents per 1000 cubic feet, with coke at $3.75 per ton. 

The disintegration of iron ore caused by the manner of charging it into the retorts 
(where it is subjecited alternately to the action of reducing gases and steam) is claimed 
by Dempster* to l)e obviated by providing the retort willi a perforated platform or 



plate, which is mounted on a vertical shaft and can be raised and lowered from top 
to bottom of the retort for charging and discharging. The movement is guided 
by projections on the internal walls of the retort, and the platform can be revolved 
•as well as moved vertically. 

A method for the treatment and utilization of gases supplied to the furnaces of 
hydrogen retorts is described by Ballingall (R. and J. Dempster, Ltd.)t according 
to whieJh, spent water gas from a hydrogen-retort plant is preheated in a regenerator 
and passed through the reaction zone of a gas producer. The dissociated gas is 
burnt together with producer gas in the region of the retorts with a deficiency of air 
so as to form a reducing atmosphere at that point. On leaving this region any 
unbumt gases are consumed by a further addition of air and give lip a portion of 

, * British Patent No. 104,115, Aug. 12, 1916. 

, ,, t British Patent No. 106,067, Jan, 6, 1917; J. S. C. I., 1917, 636. 
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their heat to the incoming spent water gas in a continuous counter-current regen- 
erator. 

Bosch * in the production of hydrogen from steam and iron ore uses 
three or more furnaces. One of these contains the iron, the other two 
are preheaters. 

The reducing gases are generated and then passed through the iron ore which is 
partially reduced, the reduction using up part of the gas. The waste gas is mixed 
with air and passes into tlie second preheater where it is burned, thus heating the 
furnace. When reduction is complete, stream is passed through the first furnace 
where it is superheated and then through the reduced iron mass when hydrogen is 
generated. In the second cycle the reducing gas is produced in the second furnace, 
then passed through to the iron ore and the waste gas burned in the first furnace. 



The cycle is then complete and all furnaces are in same state as when the operation 
was first started. Fig. H\h shows the three-shaft furnaces employed. 

Dicke t generates hydrogen by the action of steam on scrap from the various 
departments of an iron and steel works, and the resulting iron oxide is utilized in the 
blast-furnace or open-hearth furnace. The apparatus is constructed of a refractory 
chamber surrounded by a tight metal jacket. The chamber is divided into separate 
compartments by refractory walls. The compartments are arranged with valves, 
etc., so that they operate independent of each other. They are charged with iron 
ores or scrap iron and operated in the usual manner. J The apparatus used by Dicke 
is shown in vertical section in Fig. 81z and in horizontal cross section in I^ig. 8iy. 

According to Maxted and Ridsdale § hydrogen prepared by passing 
steam over heated iron previously reduced from its oxide in a current 

* U. S. Patent No. 1,102,716, July 7. 1914. 

t German Patent No. 280,964, Aug. 14, 1913; Chem. Abs., 1915, 1531, J. 8. C. I., 1915, 
492; Chem. Abs., 1915, 1099; U. S. Patent No. 1,129,559, Feb. 23, 1915. 

t See British Patent No. 29,390, 1913. French Patent No. 465,474, Nov. 28, 1913. 

§ British Patent No. 12,698; Sept. 4, 1915; J. S. C. I., 1916, 1060; Chem. Abs., 1917, 
538. 
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of water gas, or other commercial reducing gas, contains considerable 
quantities of carbon monoxide, due to the deposition of carbon during 
the reduction and its subsequent oxidation, by the steam. 

Hydrogen free from carbon monoxide is obtained by employing for the reduction 
of the iron oxide a reducing gas containing substantially more carbon dioxide than 
carbon monoxide, a suitable ratio being 2:1. This may be obtained by adding 
carbon dioxide to water gas, or by suitable modifications in the manufacture of the 
reducing gas, but dilution of the gas with nitrogen (e.g., by partial combustion of the 
gas with air) or by steam must be avoided. The presence of carbon dioxide in the 
reducing gas prevents the deposition of carbon during the reduction of the iron 



% Sfeam 
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oxide to iron, and, therefore, no carbon monoxide is formed when steam is passed 
over the heated iron to produce hydrogen.* 

J. Pintsch Akt. Ges. f employ pyrite cinder in the manufacture of hydrogen from 
steam. A ferrous silicate is formed as a result of the reduction of the acid gangue. 
Such ferrous silicate is quite fusible, acting as a slag and the material is rendered 
inactive by surface glazing. This disadvantage, as well as the stoppage of the gas 
.passages when basic ores containing limestone are used, is obviated by the employ- 
ment of compressed artificial stones of iron oxides or carbonates on the one hand, 
and of oxides or carbonates of magnesium, barium, strontium or calcium-magnesium 
oxides which possess the requisite porosity. 

In a hydrogen generator t operated with iron as the active material, water gas 
and air are conducted into a shaft filled with iron oxide to preheat and reduce the 

♦ See also Danish Patent No. 22,122, May 7, 1917; U. S. Patent to Maxted, 1,263,622, 
Jan. 15, 1918; Chem. Abs., 1917, 2030, and 2721; 1918, 749. 

t French Patfent No. 466,739, Dec. 30, 1913; Chem. Abs., 1916, 1376. 
tGeiTnan Patent No. 283,160, Oct. 31, 1913. J. Pintsch, Akt.-Ge8.; Chem. Abs., 
1916, 2^. 
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oxide, and then steam is introduced. The water gas so used is preheated in a pre- 
heating system wherein the heat from the heating period of the generator is utilized. 

According to a process of Soc. U Hydrogene* the heating gases, before coming 
in contact with the ferrous maforial, are passed through a layer of refractory material 
which serves as a heat accumulator. Any excess of reducing gases leaving the reac- 
tion chamber is burnt in a heat recuperator, and the heat utilized to preheat the 
steam passed in during the subsequent oxidizing stage. Methods to prevent accumu- 
lation of oxidizable impurities introduced into the ferruginous mass by the gases 
employed for heating and reducing are also described.! 

Jaubertjt proposes a process in which steam is decomposed by metallic iron, 
and the resulting iron oxide reduced again to the metal by purified water gas (free 
especially from sulphur compounds) which effects the reduction, at a relatively low 
temperature, chiefly at the expense of the carbon monoxide present, so that the 
reaction is almost entirely exothermic. The material to be treated is contained 
in a series of (preferably three) vertJeal retorts, which are provided with pipes at 
either end; the pipes at one end communicate through four-way taps with supplies 
of steam or purified water gas, and those at the other end of the retorts with the 
hydrogen receiver or with a residual gas chamber, from which the spent reducing 
gas (still rich in hydrogen) is distributed to burners projecting within the masonry 
jackets of the respective retorts. Further external heating is unnecessary. 

Hooton § proposes to treat metallic sulphides and sulphide ores, espe- 
cially iron pyrites, with steam at 750® to 1000®, the products being 
porous oxides comparatively free from sulphur, and a mixture of hydro- 
gen, sulphur, water and sulphur dioxide. 

The hydrogen is purified, the sulphur being separated during the purification. 
The pyrites are fed into a retort into which steam is blown. Sulphur condenses 
in the upper part of the retort and collects in a seal. The gaseous products pass 
through a hot chamber containing bog iron ore or porous iron oxide obtained by 
the operation, to induce reaction between hydrogen sulphide and sulphur dioxide, 
then through a chamber in which sulphur condenses in powder form, then through a 
cooler preferably containing cold bog iron ore to remove the last traces of hydrogen 
sulphide and finally through water to remove any sulphur dioxide. The steam 
may be superheated electrically. To reduce the quantity of water, the gases may 
be cooled quickly after leaving the retort. 

Hydrogen gas or a mixture of hydrogen and carbon monoxide is produced by 
Tully 11 in the following manner: In the lower part of a cylindrical apparatus is a 
combustion chamber in which a reducing gas is made by blowing air, or air and 
steam, into incandescent fuel. This chamber extends upwards into a fuel supply 
chamber, which is surrounded at its lower part by a reaction chamber containing 
iron ore in direct communication with the combustion chamber by means of holes 
and passages. Surrounding the upper part of the fuel supply chamber is a steam 
superheating chamber through which the oxidized gases pass, and which is pro- 
vided with a valve controlled outlet. After the iron ore has been reduced, the sup- 

• J. 8, C. I., 1916, 1054, French Patent No. 474,446, July 1, 1914. 

t French patent 472,373, May 19, 1914. 

t French Patent No. 476,901, May 14, 1914; J. S. C. L, 1916, 636. 

§ British Patent No. 18,007, July 30, 1914; Chem. Abs., 1916, 327. 

II British Patent No. 16,932, 1915; J. S. C. I., 1917, 640. 
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ply of reducing gas is cut off, the outlet piiie is closed, and steam is admitted through 
a pipe at the top of the apparatus; this passes through the su])erheater and over 
the iron, the hydrogen being either tapi)ed through a iui)c just below the reaction 
chamber or passed through the incandescent fuel and led away through a pipe at the 
bottom of it. Steam or li(juid hydr(K;arl>on may be injected directly into tlie com- 
bustion chamber at a point situated between it and the reaction chamber. Air 
may be admitted at the bottom of the superheater to burn the carbon monoxide, 
and the heat of combustion utilized to maintain the temperature 

Paraffin hydrocarbons may be dehydrogenated by passage over ferric oxide 
heated to 580° to 750° C. yielding olefines, terpenes and aromatic hydrocarbons 
according to Ramage.* The ferric oxide is reduced to ferrous oxide, usually con- 
taining some iron. The reduced charge may be regenerated by blasting it with 
steam at about 150° C. In the course of this regeneration, hydrogen is produced, 
which Ramage observes may be collected and used for hydrogenation purposes. 

Multiple Retort System f 

The apparatus provided for operating this process consists of a 
combustion chamber containing a number of vertical retorts, the 
chamber being provided with a gas producer. A combustible gas is 
delivered from the producer and burned by means of secondary air in 
the combustion chamber around the outside of the retorts, the products 
of combustion passing away through recuiperators to a stack. The 
retorts are charged with iron ore of proper grade and sufficiently 
porous in itself and of proper sized lumps to allow of a more or less free 
passage of gas. It is necessary that the greatest possible surface of ore 
be exposed. In conjunction with the retort furnace a blue water-gas 
generator is provided for the manufacture of the reducing medium. 
The blue water-gas generator consists of a round shell lined with fire 
brick in which coke or hard coal is charged, and provided with air blast 
and steaming connections. The blue water gas is passed to a holder 
and from the ho'der to the hydrogen retort furnace. In operation the 
blue water-gas holder is filled, the hydrogen retorts brought up to 
heat, and by means of suitable valve connections the steam and blue 
water gas arc alternately passed through the retorts, the resulting 
hydrogen passing to a holder and the products of combustion passing to 
the atmosphere. In practice the iron ore in the retorts may be either 
the ferric oxide, Fe 203 , or the ferroso-ferric oxide, Fe 304 . In either 
case the reduction will be back to the ferrous oxide, FeO, only a very 
slight percentage if any of the iron being reduced to the metallic state. 
The apparatus lasts indefinitely with the exception of the fire-clay lining 
in the bhie-gfis generator, which has to be replaced occasionally, and the 

* U. S. Patent No. 1,224,787, May 1, 1917. 

Modified Lane Prooess of Improved Equipment Co., New York City. 
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rolorls in the hydropjon fui'iiaeo. Th(\s(^ retorts an^ usually made of 
cast, steel, which s(Huns to h(' as satisfactory as any material which has 
been used, ('ast-iron n'torts hav(^ been used wit h more or loss succ(^ss. 
The destruction of the hydrogen retort, s appcnirs to commence on their 
outside diameter, working inward more rapidly than from the inside 
outward. ' It is obvious that they should fail in this manner as the com- 
bustion surrounding the outside of the retorts continually cuts into 
them, whereas absorption by ferrous oxide of oxygen takes place more 
rapidly than the absorption of oxygen by metallic iron, and the entire 
charge of ferrous oxide is changed to the ferric condition before there 
has been time for the walls of the retorts to be seriously attacked by 
the oxygen of the steam. 

Bergius * desoribes a process of continuously generating pure hydrogen from iron 
and water at a low temperature, from 200° to 300° C. The hydrogen is collected 
in t he generator itself in a high state of compression and can be charged direct into 
cylinders. An example of his process is as follows: 50 kilograms of iron shavings and 
265 kilograms iron protoxide and 50 kilograms of water are heated to 300° C. in a 
closed iron vessel. When the pressure reaches 150 atmospheres the release valve 
is opened just enough to allow the gas to escape as fast as liberated and to thus 
maintain the initial pressure. From the above charge 1 cubic meter of hydrogen is 
given off the first hour. This rate is maintained until about one-half the available 
gas is evolved, then the rate is somewhat slower. Common salt, iron chloride or 
small quantities of hydrochloric acid accelerate the reaction, and, in addition, if 
copper, nickel, or platinum, etc., are placed in the mass, the reaction is accelerated 
still more and maintains its activity until the iron is converted almost entirely 
into Fe 304 . 

One form of generator consists of a pressure vessel within which is a central 
heating tube and around the latter a series of reaction tubes, each of which can be 
brought m turn below a feed opening in the cover of the pressure vessel. 

Posen and Bergius f employ a somewhat similar method for the production of 
hydrogen by the action of water on metals in a closed vessel. The reaction is 
effected at a temperature below the sintering point of the metal or the solid reac- 
tion protlucts, preferably below 500° C. Pure hydrogen is thus obtained in a 
highly compressed condition, and the yield is nearly quantitative. The addition 
of electrolytically conducting salts such as sodium chloride is stated to be ad- 
vantageous. 

The decomposition of water by incandescent iron, as also the reduction of the 
resulting iron oxides by the reducing gases requires a certain temperature of the con- 
tact material, which is usually maintained by the continued heating of the furnace 
containing the iron material, or by passing therethrough hot combustion gases. As a 
result of the latter practice, the employment of a highly heated gas may occasion 

*U. S. Patent No. 1,059,818, April 22, 1913; German Patent No. 277,501, Nov. 30, 
1913, addition to German Patent No. 254,593; French Patent No. 447,080, of 1912; 
J. S. C. I., 1915, 229. 

t German Patemt No. 286,961, Nov, 21, 1913; addition to German Patent No. 254,593; 
J. S. C. I., 1916, 177. 
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caking of the contact material with cont5e(|iient loss of contact surface and reduction 
in the yield of hydrogen. By a procM'ss recommendc'd by the Berlin Anhaltische 
Maschinenbau Akt. Ges.* the required temperature of the contact material is main- 
tained by conducting air through the mtiss between every double period of reduction 
and oxidation. In this way heating gas is saved, overheating of the iron charge 
is avoided, the heating period is materially shortened, and the capacity of the plant is 
increased. The process is dependent upon the observation that a complete oxida- 
tion of the iron material by the steam passed thereover never practically results. 
Always a portion of iron is left in the metallic state or in a lower state of oxidation. 
Hence, after the passage of the steam, a current of air is passed through the mass, 
causing complete oxidation of the iron or of its lower oxides to the higher oxides, 
with the evolution of considerable heat. The heat so generated is claimed to be 
sufficient to maintain the normal progress of the reactions. The initial heating of 
the iron charge is effected by the combustion of gases of high calorific value with 
excess air, while the periodic reheating is accomplished by the passage of air alone, 
thereby preventing fusion of the iron. During the oxidation period the steam is 
introduced highly superheated, f 

♦German Patent No. 294,039, May 22, 1913; Chem. Abs., 1918, 410. 

t See also French Patent No. 465,575, Nov. 28, 1913; Chein. Abs., 1914, 3491. 
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ACTION OF ACIDS ON METALS 

One of the oldest methods of generating hydrogen and one which is 
to-day commonly used in the laboratory and for the production of 
hydrogen on the small scale is that of acting on metals with acids, 
iron or zinc and sulfuric acid being the materials usually employed. 
The cost of generation in this manner is too high to permit of large 
scale operations except in those cases where hydrogen is obtained as 
a by-product in the preparation of metallic salts. Accordingly this 
method of hydrogen generation will be considered only very briefly. 

Carulla endeavors to prepare alkali salts, hydrogen and iron oxide, 
the gas being generated by the action of hydrochloric acid on iron. 
Instead of using water alone for the absorption of hydrochloric acid 
in the Le Blanc process, some or all of the receivers or towers are 
packed with scrap iron or mild steel, ferrous chloride being thus formed 
and hydrogen evolved. The chloride is then converted, by precipita- 
tion, into iron oxide * and, since very dilute solutions are preferable 
for this purpose, the absorption of the last traces of hydrochloric 
acid is rendered very easy by this process, the ferrous liquor plant 
being conveniently placed at the end of the system, and hydrochloric 
acid of high strength being produced, if desired, in intermediate parts 
of the plant. 

According to Barton f dilute sulfuric acid is allowed to act on zinc 
and the zinc sulfate solution produced is filtered and mixed with a 
solution of sodium carbonate or bicarbonate, thus giving a precipitate 
which is separated, washed and dried, and sodium sulfate which is 
also recovered. 

The insoluble zinc precipitate is proposed as “an excellent substitute for oxide 
of zinc used in the paint and rubber industries." The apparatus claimed consists 
of a generating vessel, communicating with an acid tank by a feed pipe and a return 
pipe, and also with a gasometer and a mixing tank, the latter receiving the zinc 
sulfate solution from the generator and sodium carbonate solution from another 
vessel and communicating, in its turn, with a centrifugal separating and washing 
apparatus. The generator may be fitted with electrodes for the production of 
electrical energy. 

* e. g., as in British Patent 27,302, 1908; J. S. C. I., 1909, 1126. 
t British Patent 28,534, Dec. 8, 1910. 
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An apparatus arranged to generate electrical energy when zinc is being dis- 
solved in sulfuric acid to produce hydrogen is set forth by Eastwick (British Patent 
10,228, April 27, 1911). The apparatus, which is intended specially for the gener- 
ation of hydrogen by the action of zinc on dilute sulfuric acid, consists of a gen- 
erating chamber, with false bottom, on which rests the metal to be acted upon, 
and a liquid-collecting chamber situated below. The acid is delivered by gravitation 
into contact with the metal at a point near to, but above, the false bottom, and the 
salt solution produced runs through into the collecting chamber. An electrode 
may, if desired, be immersed in the liquid, within or below the reaction chamber, so 
that the apimratus may serve also as an electric cell. An apparatus described by 
way of example comprises superposed chambers contained within a single casing, 
the uppermost (containing zinc) and the intermediate chamber being provided 
with porous or perforated false bottoms. Acid is conducted to the first chamber by 
a pipe which reaches down through the upper layers of zinc into a cage having lateral 
perforations, and any excess of pressure forces the acid back in the supply pipe, but 
the zinc sulfate solution produced percolates into the lowermost chamber. A zinc 
rod or plate, to act as electrode, is placed above the false bottom in the first chamber 
and a copper electrode in the intermediate chamber, so that, with the descending 
liquid, an electric cell, suitable for electro-plating work, etc., is produced, this also 
ensuring the decomposition of any free acid in the spent liquid. 


Hydrogen gas is obtained by Pratis and Marengo * by acting upon 
iron filings and water by gradual additions of sulfuric acid of 50° B4., 
equal parts by weight being taken of each. The hydrogen produced 
is conducted first through water, then through a solution of a lead salt, 
and through a device containing diaphragms of wire gauze, to a gasom- 
eter, whence the gas traverses an insulating water valve, an elastic 
chamber and a second device similar to the first, when it is taken by 
branch pipes to the place of utilization. The arrangements described 
permit of the gas being produced under considerable pressure. 

To overcome the diflBculties in the way of generating hydrogen from sulfuric 
acid and iron, Pratis and Marengo (British Patent 15,509, June 29, 1907) propose 
to employ the following approximate ppoportions, by weight: 

Broken iron, 5 parts; water, 5 parts; 50° B6. sulfuric acid, 5.8 parts; these being 
found to produce a pasty non-caking residue, easy to remove from the apparatus and 
to work up for the manufacture of ferrous sulfate or Nordhausen sulfuric acid. 

The apparatus consists of a generating cylinder, fitted with a valve for discharg- 
ing the residue. The acid and water are run in on to the charge of iron from reser- 
voirs at a higher level, the supply valve being controlled by the bell of the gas holder, 
and is self-closing when the bell sinks below a certain level ; or, if the gas is to be col- 
lected in receivers at high pressure, the full chargti of liquids may be added at once. 
Purifiers are arranged between the generator and gas holder, and an excessive rate 
of generation is prevented by gas checks, which cause an increase of pressure in the 
generator, whereby the acid is driven back in the supply pipe and the evolution of 
gas diminished. 


British Patent 16,277, July 22, 1896. 
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The reaction which takes place in the spontaneous formation of 
iron rust, 

CO 2 “h H 2 O “h Fe *4" FeCOs “1“ H 2 

may be accelerated by agitation, etc., so as to become a practicable 
method according to Bruno * for the production of hydrogen. Frag- 
ments of cast iron or steel or iron filings were introduced together 
with water into a steel bottle and carbon dioxide was passed in until 
the air was displaced and the liquid was saturated with the gas. 
The bottle was then closed by a steel cover, and placed in an appa- 
ratus where it made about 2000 revolutions per hour. There was no 
appreciable change in the pressure inside the vessel, and after 36 to 
40 hours the gas withdrawn from the bottle consisted of pure hydro- 
gen. At the end of 20 hours the gas consisted of about two-thirds 
of hydrogen and one-third of carbon dioxide. 

Stuart t describes an apparatus for generating hydrogen by allowing 
acid to percolate through scrap iron. 

The iron is contained in crates which are spaced away froiTi the walls of the gene- 
rator. The latter may be lined with lead, enamel, etc., to resist the action of the 
acid. A layer of asbestos which is held between two 
perforated discs is placed above and below each crate. 

The acid is introduced under pressure at the top of the 
generator and percolates through the asbestos and then 
through the scrap iron. This asbestos serves as a filter 
for the gas and for the spent acid. Two or more crates 
of iron scrap may be used in each generator. Fig. 81A; 
shows the construction of the apparatus. 

A method of utilizing the acid values of sodium acid 
sulphate or bisulphate is recommended by Becquevort 
and Deguide f as follows: A solution of sodium bisul- 
phate of density 20° B4. (sp.gr. 1.16) is added to scrap 
iron in a suitable tank and heated by steam to 90° C. 

The hljerated hydrogen is washed and collected in a 
holder. The resulting solution of ferrous and sodium 
sulphates is treated with an excess of powdered lime. Fig. 81 fc. 

producing a mixture of calcium sulphate and ferrous 

hydroxide, which is aerated to convert the latter into ferric hydroxide. The mass 
is filter-pressed, and the solution flowing away is concentrated to 30° Be. (sp.gr. 
1.26) and Glauber’s salt separated by crystallization. The material left in the 
filter-press is used as a gas-purifying agent, 

Curran § in discussing the electrolytic generation of hydrogen, states that savings 

♦Bull. 80c. Chim. (1907), 1, 661. 

t U. S. Patent No. 1,085,366, Jan. 27. 1914. 

t British Patent No. 107,807, July 11, 1916; J. S. C. I., 1917, 962; Chem. Abs., 1917, 
2947. 

§ Eng. Mining J., 1917, 158, 




518 


THE HYDROGENATION OF OILS 


and improvements in service of the electrolytic method over the zinc-sulphuric acid 
method are most marked. The operating cost of an electrolytic plant is one-fifth 
that of a zinc-acid plant and there are no acid-eaten hydrogen pipes or freeze-ups 
in winter. The most economical rate of generation under the conditions employed 
by Curran was at 400 amperes and 36 volts with the temperature at 53°. Caustic 
soda solution of 26° B6. was used as an electrolyte. Equipment and layout of plants 
are given. 



(CHAPTER XXV 


MISCELLANEOUS METHODS OF HYDROGEN 
GENERATION 

Much attention has been given to the production of hydrogen by 
chemicals, which, when added to water or hydrated substances, would 
liberate hydrogen freely, thus enabling the generation of hydrogen 
at any point without the necessity of setting up elaborate apparatus. 
Powdered aluminium or silicon and alkali, ‘‘ activated aluminium 
and water, ferrosilicon and calcium hydrate, calcium hydride and the 
like have been proposed under various names such as hydrone, hydro- 
genite, the Hydrik process, etc. Bergius has brought out a novel 
process involving the treatment of carbon or iron with water in a 
liquid condition under very high pressures. The following indicate 
the principal developments in this direction. 

Foersterling and Philipp * generate hydrogen by causing water, in 
a finely-divided state, to react successively with relatively small 
masses of sodium, separated from each other, in the same containing 
v<«sel, in such a way that the supply of hydrogen is continuous, and 
at a rate that substantially prevents a solution being formed. They 
also propose silicides for the generation of hydrogen.f An intimate 
mixture of equal parts by weight of sodium and aluminium silicide 

sical is prepared by heating the two substances in a kneading 
machine until all the sodium is molten; the kneading appliance is 
then put into operation and kept continuously rotating while the 
mixture cools down, after which the latter is transferred to a press 
and briquetted. One kilo of the mixture, when acted on by water, 
generates about 700 liters of hydrogen, the reaction being represented 
by the equation, 

AhSu + 8 Na + 18 H 2 O = Al 2 {OH )6 + 4 Na^SiOs + 15 H^. 

Brindley and Bennie (U. S. Patent 943,036, Sept. 14, 1909) use a mixture con- 
sisting of finely-divided aluminium and molten sodium hydroxide, the proportion 
of the latter being between 1 and 3 mols. to 1 mol. of aluminium. SiUcon and zinc 
may also be added. 

Brindley (U. S. Patent 909,536, Jan. 12, 1909) treats an alkali or alkaline-earth 
metal, for example sodium, in a finely-divided state, with a crude hydrocarbon oil 

* U. S. Patent 883,531, March 31, 1908. 
t U. S. Patent 977,442, Dec. 6, 1910. 
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or similar substance, which will temporarily prevent oxidation of the metal, and with 
an inert substance such as infusorial earth, and the mixture is compressed into tablets 
or briquettes, which when brought into contact with water will generate hydrogen. 
In order to increase the yield of hydrogen, a metal (aluminium, silicon) which forms 
a hydroxide, the hydrogen of which can be replaced by an alkali or alkaline-earth 
metal, is also incorporated in the mixture. 

Philipp (U. S. Patent 1,041,865, Oct. 22, 1912) generates hydrogen by the action 
of water on a mixture of metallic sodium and aluminium silicide. The action of 
water on this mixture does not proceed to completion, and the method consists in 
first treating the mixture with water, and then passing the hot hydrogen and steam 
through a similar mixture which has previously been partially decomposed by 
treatment with water. 

Jaubert * suggests that the hydrogen evolved in such industrial 
processes as the production of electrolytic soda, be collectt'd, deprived 
of any oxygen present (as by passage over red-hot copp(u*), dried, 
directed into an iron tube charged with calcium in small pieces, and 
heated for some hours to redness. The dark grey calcium hydride 
thus obtained is preserved in closed vessels. When the hydride is 
brought into contact with cold water, there is a violent evolution of 
hydrogen. 

Bamberger, Bock and Wanz f generate hydrogen from calcium 
hydride which is mixed with substances such as gypsum, sodium bi- 
carbonate, soda-lime or boric acid, which contain water or carbonic 
acid, but which react only when heated to about 80° C., or a higher 
temperature. 

Gases which are prepared by the action of a liquid upon a solid, for instance, 
hydrogen by the action of water on calcium hydride, are obtained pure and free 
from the water vapor which is frequently generated by the heat of the reaction, 
in the following manner: The solid is placed in a connected scries of separate 
ve.ssels, or in superposed compartments of the same vessel, and the liquid is ad- 
mitted to the first, or lowest, of the series. The gas given off, along with some 
vapor of the liquid, passes through the next vessel, or compartment, and so through 
the series and leaves the last in a dry condition, the water vapor having been re- 
tained by the fresh material. When the first vessel is exhausted it is recharged 
and connected to the end of the series, the second vessel becoming the first. In 
this way the process becomes continuous.! 

Schwarz § describes two simple methods for preparing pure hydro- 
gen gas and carbonic oxide. On heating a mixture of zinc dust and 
calcium hydrate gradually in a combustion tube, a constant current 
of pure hydrogen is lil)erated according to the equation, 

Zn -t- CaH202 = ZnO + CaO -f H 2 . 

^ French Patent 327,878, Dec. 31, 1902. 

t German Patent 218,257, March 31, 1908. 

X Jaubert, French Patent 381,605, Nov. 14, 1907. 

§ Ber., 19, 1140. 
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On mixing the zinc dust with calcium carbonate in molecular pro- 
portions and heating as before, pure carbonic oxide gas is evolved 
thus: 

Zn + CaCOa = ZnO + CaO + CO. 

In both cases nearly theoretical quantities of gas are obtained. 

Hydrogen is produced by the process of Jaubert * by ignition and 
autocombustion in a closed generator, of a mixture consisting of an 
excess of a combustible substance (metal, metalloid or alloy), capable 
of decomposing steam at a high temperature, an oxidizer or other 
substance to maintain the combustion, and a substance evolving 
steam on heating (which is omitted, partially or wholly, if steam be 
introduced from an external source). 

Suitable mixtures, which may be packed in metal cartridges, to be opened and 
placed directly in the generator, arc the following: (o) Powdered iron 20 kilos, slaked 
lime 10, potassium perchlorate 6, (b) ferrosilicon, with 75 per cent of silicon, 20, 
litharge 10, soda-lime, containing two-thirds of sodium hydroxide 60; (c) ferrosilicon 
20, powdered iron 5, wheat flour 3, lime 5, and potassium chlorate 3. If the ingre- 
dient evolving steam be omitted, the generator may be surrounded by a water 
jacket, the two vessels being connected so that the necessary steam is supplied from 
the latter by the heat of the reaction; a pipe from the generator conveys the gas 
either to the exterior or through a purifying and drying apparatus, to be utilized. 
The generator described is clbsed by a heavy lid which, for safety, is held in position 
by its own weight. 

The Hydrogenit process of Jaubert t involves mixing finely-powdered 
ferrosilicon with soda-lime to produce a grayish granular mass which 
easily ignites and burns readily even with the exclusion of air, the 
reaction being 

Si + Ca(OH )22 NaOH = Na^SiOsCaO + 2 H 2 . 

From 3 kilos of the mixture, which, by the way, is stable at ordinary 
temperature, about 1 cubic meter of very pure hydrogen is obtained. 
iPhe mixture is pressed to blocks and is shipped in metal containers 
holding 25 to 50 kilos, affording 8 to 16 cubic meters hydrogen in 
about a ten-minute period. The mixture is kindled by a small amount 
of ignition powder or quick-match. Equipments for furnishing 
150 cubic meters hydrogen per hour have been made. The gener- 
ators are arranged in pairs, see Fig. 82. 

A case of hydrogenit is placed in each generator. The cover of the generator is 
put on and clamped in place and the mixture lighted through a closable opening 
in the cover. The generators are equipped with water jackets and the steam pro- 
duced by the heat of the reaction is, towards the end of the run, turned into the 

* French Patent 427,191, May 21, 1910. 
t German Patent 236,974. 
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generator, giving a larger yield of hydrogen. The gas is washed and dried. One 
cubic meter of hydrogen made from Hydrogenit costs about 32 to 38 cents.* 

Jaubert (French Patent 422,296, Jan. 14, 1910) has described the following 
modification of the above. Metals such as aluminium or zinc, or their alloys, or 
metalloids such as silicon or carbon, or their compounds, e.g., ferrosilicon, when 
mixed with alkali or alkaline-earth hydroxides in the form of dry powders, yield 
mixtures quite stable at ordinary temperatures. If, however, reaction be induced 
by local application of heat, hydrogen is evolved and sufficient heat is developed 
to cause the propagation of the reaction throughout the mass. A suitable appara- 



Fig. 82. 


tus consists of a tube closed at one end by a screw cap and having near this end an 
opening (with a screw cap) through which a quick-match or piece of hot iron may 
be introduced to induce the commencement of the reaction. The other end of the 
tube is formed by a perforated plate, through which the hydrogen evolved passes 
into a chamber packed with filtering material, and thence into an annular space 
formed between the tube and a jacket extending nearly the whole length of the latter. 
The hydrogen accumulates in this annular space under pressure, and is withdrawn 
as required through a suitable outlet. 

Ferrosilicon containing 75 per cent of silicon, when heated to a very high temper- 
ature is capable of decomposing steam with sufficient evolution of heat to carry on 
the reaction, 

3 FeSi# 40 H 2 O = Fe804 + 18 SiO* 40 Hj. 

(Jaubert, French Patent 438,021, March 4, 1911.) The reaction may be regulated 
by the addition of lime, which has the further advantage of forming an easily-work- 
able slag. The apparatus comprises a refractory chamber surrounded by a steam 
coil, the delivery end of which terminates in a series of injectors, which admit steam 

• Zeitech. f. angew. Chem. (1912), 2405. 
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into the chamber; a feeding hopper is provided at the top of the chamber and a door 
for the withdrawal of the slag at the bottom. 

An alkali or alkaline-earth hydroxide, or a mixture of the two, is mixed with 
charcoal and a finely-divided metal or mixture of metals, and the whole is heated 
in a hermetically-sealed vessel, with the exclusion of air, and under diminished pres- 
sure. Under the action of the metal, according toHlavati (German Patent 250,128, 
Feb. 25, 1911) the hydroxide is converted into oxide, and hydrogen and carbon 
monoxide are formed. 

The Siemens & Schuckert Company has worked out a process for 
the production of hydrogen from the reaction between silicon and 
caustic soda solution. Formerly steam was employed, but now the 
heat set free during the reaction is utilized for maintaining the proper 
conditions. The evolution of hydrogen gas takes place when a 25 per 
cent solution of caustic soda acts on silicon introduced in small quan- 
tities. The capacity of a transportable plant is 60 to 120 cubic meters 
per hour, while stationary plants are built for capacities up to 300 cubic 
meters per hour. The process is a neat one, but the cost is about 
18.75 cents per cubic meter.* 

A somewhat similar system is used in France under the name of 
the Silicol process. Ferrosilicon or other silicon alloy is treated with 
freshly-prepared 35 to 40 per cent caustic soda solution. The heat 
of solution of the alkali raises the temperature to 60 to 80 degrees and 
enables the reaction to progress rapidly. Hydrogen by this method 
costs about 20 cents per cubic meter. f 

By the Hydrik process aluminum powder is acted on by caustic 
soda giving hydrogen and sodium aluminate, according to the equa- 
tion, 

2 A1 + 6 NaOH = 2 Al(ONa)8 + 3 H 2 . 

Fig. 83 shows a gas generator for the Hydrik process with an hourly 
capacity of 10 cubic meters. 

, By the addition of lime, or calcium compounds that form lime, 
according toj Consortium fiir Elektro-chem. Ind. ges. m. b. H., 
nearly the full theoretical quantity of hydrogen is rapidly liberated 
on heating silicon in an aqueous solution of caustic alkali. The process 
may be carried out in an iron generator fitted with stirrers, and in 
British Patent 11,640, May 13, 1911, it is stated that the temperature 
necessary for the generation of hydrogen from silicon and caustic 
alkali solutions may be obtained by the solution of the powdered alkali 
or alkali oxides in water, or by the heat produced in the chemical 
reaction between aluminium or aluminium alloys and the alkali. 

* Met. and Chem. Eng. (1911), 157. 
t See ZeitBch. f. angew^Chem. (1912), 2405. 
t British Patent 21,032, Sept. 14, 1909. 
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Jaubcrt (French Patent 430,302, Aug. G, 1010) uses a strong solution of a caustic 
alkali, or a solution of sodium or potassium sulfate containing such, which is made 
to act upon a compound or alloy of silicon (preferably fcrrosilicon, manganosilicon 
or silicospiegel) in such a way, that the heat produced in preparing the alkali solu- 
tion is utilized in effecting the reaction, no external heat being rejquired. The reac- 
tion takes place in a generating vessel, fitted with a stirring device and surmounted 
by a feeding hopper containing the powdered alloy; this vessel communicates both 
with an arrangement for washing and cooling the gas and with another vessel, also 
provided with a stirrer, in which the solution of caustic alkali is prepared (e.g., by 
dissolving 1 part by weight of sodium hydroxide in 1| to 2 parts of water). The 



Ficj. 8 ;l 


water which has served to cool the gas in the condenser passes either to the generator 
or to the dissolving vessel. A strong solution of alkali being used, an acid silicate 
is obtained, moreover, non-caustic residues, suitable for use in dyeing and bleach- 
ing, are obtained. 

The preparation of hydrogen under pressure by the wet method is detailed by 
Jaubert as follows : 

The reaction by which the hydrogen is produced is carried out under a pressure 
above the vapor pressure of water at the temperature in question, the larger part 
of the heat produced is localized and stored in the reacting liquid, and by preventing 
the vaporization of this liquid, dry hydrogen is obtained, the speed of manufacture 
is increased, and the amount of liquid necessary for the reaction diminished. The 
pressure is produced automatically by working with an autoclave generator, in which 
the hydrogen produced is allowed to accumulate. The generator is a revolving 
cylinder, provided with an autoclave cover, a charging chamber which penetrates 
some distance into the interior of the cylinder and a blow-off cock, so that complete 
mixing of the reagents can be prevented before the reaction is started and to allow 
the hydrogen formed to be drawn off. 

To obtain a l*apid and constant evolution of hydrogen by the interaction of sili- 
con, aluminium or alloys containing the same, with an alkali hydroxide, Jaubert 
(French Patent 454,616, April 30, 1912) prepares an emulsion of a concentrated 

. ^ * French Patent 433,400, Oct. 25, 1910. 
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solution of the latter with a non-saponifiable oil or grease, such as paraffin, which 
mixture is heated to 100° C., with the elements or alloys named, in the form of fine 
powder, water being added as fast as it is decomposed, and the frothy mass being 
kept constantly agitated.* 

Mauricheau-Beaupre f adds to fine aluminium filings a small pro- 
portion of mercuric chloride and potassium cyanide, which causes a 
slight rise of temperature and produces a coarse powder, quite stable 
if kept from moisture. This powder is treated with water (about 
1 liter to a kilo) and the rise of temperature which occurs as the 
hydrogen is evolved is watched, and regulated if necessary by the 
addition of more water so that the temperature does not rise above 
70° (k At this temperature 1 kilo of the powder is completely 
oxidized in about two hours. 

The advantages of this method are that the apparatus needed is of the simplest 
descrii)tion, and can be made of almost any materials, as the products are perfectly 
neutral; that the gas produced is pure; and that a very large volume is yielded by a 
small weight of volume of the reagent (1 kilo yields 1300 hters, or 1 cubic decimeter 
1770 liters). Pure aluminium filings with 1 to 2 per cent of mercuric chloride and 
0.5 to 1 per cent of potassium cyanide should be used. (French Patent 392,725, 
July 27, 1903.) Aluminium hydroxide is obtained as a by-product. 

Chem. Fabr. Griesheim-Elektron f recommend a preparation con- 
sisting of finely-divided aluminium (98 parts) mixed with small 
quantities of mercuric oxide (1 part) and caustic soda (1 part). On 
treatment with water, hydrogen is evolved steadily and uniformly, 
1 to 1.2 cubic meters (calculated at 0° C. and 760 mm.) being 
obtainc^d from 1 kilo of the product. The mass can be kept un- 
altered for a long time if protected from moisture, and can be easily 
transported, 1 kilo occupying a volume of only 0.8 liter. The cost 
is about forty-five cents per cubic meter. 

In the corresponding British Patent 3188, Feb. 9, 1909, it is stated that aluminium 
in' a divided form, such as filings, dust, chips or factory waste, is mixed with a small 
quantity of a compound of a metal such as mercury, which is electro-negative to 
aluminium, and with a small quantity of an alkah or acid, or a borate, phosphate or 
other soluble substance. The alkali, etc., serves to generate sufficient hydrogen to 
reduce the mercury or other compound, which then forms an electro-chemical couple 
with aluminium and decomposes water until the aluminium is used up. 

According to Uyeno,§ 78 to 98 parts by weight of aluminium are 
melted in a crucible and a mixture of 15 to 1.5 parts of zinc and 7.0 to 

* See also U. S. Patents to Jaubert: 943,022, Dec. 14, 1909; 1,029,064, June 
11, 1912; 1,037,919, Sept. 10, 1912; and 1,040,204, Oct. 1, 1912. 

t Compt. rend. (1908), i47» 310. 

X German Patent 229,162, Jan. 17, 1909. 

§ British Patent 11,838, May 18, 1912. 
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0.5 part of tin are added to the molten metal, after which the alloy 
is cast in the form of a plate. For each part of this alloy 0.12 to 
0.025 part of mercury, or a quantity of zinc or tin amalgam containing 
this amount of mercury, is taken and amalgamated with the upper 
and lower surfaces of the plate by rubbing it in with a steel brush. 
The plate is then heated to as high a temperature as possible with- 
out volatilizing the mercury, until the alloy has become uniformly 
amalgamated, whereupon it is ready for the manufacture of hydrogen 
by acting on it with hot water. 

When zinc dust is heated with hydrated lime, as previously stated, 
hydrogen is formed according to the equation, 

Ca02H2 + Zn = ZnO + CaO + Hs. 

On this reaction Majert and Richter * have based a technical process 
of generating hydrogen, in which they employ apparatus as shown 
in Fig. 84. A heating chamber F carries a series of horizontal tubes 



r, each of which is provided at one end with a gas eduction pipe e, 
leading to a water seal F, and at the other end with a removable cap. 
Iron or carbon may be used in place of zinc. 

In the Lahousse process f coal, mixed with barium sulfate, is 
heated at a red heat so as to produce carbon monoxide and barium 
sulfide, according to the equation, 

BaS 04 + 4 C = BaS + 4 CO. 

The sulfide of barium produced is then heated to redness in a current 
of steam, with re-formation of barium sulfate and evolution of 
hydrogen. . 

. BaS + 4H20 = BaS04 + 4H2. 

* Brahmer, Chemie de Gase, 101. 
t French Patent 361,866, Oct. 24, 1905. 
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The regenerated barium sulfate is ready for use de novo. The 
carbon monoxide produced in the first operation may be employed 
for heating the retorts. Lahousse also states that sulfate and sul- 
fide of strontium may be used in place of the corresponding barium 
compounds.* 

The Bergius process. Steam acts on incandescent carbon to pro- 
duce hydrogen and carbon monoxide. Below 650° C. carbon dioxide 
instead of carbon monoxide is formed to some extent according to the 
reaction, 

C + 2 H 2 O = C()2 + 2 H 2 . 

Bergius has found that this reaction occurs al- 
most exclusively if water at a temperature of 
about 300° C. is allowed to act on carbon under 
a pressure sufficient to keep the water in a liquid 
state. The addition of small amounts of thal- 
lium salts is beneficial as the reaction is there- 
by promoted through catalytic action. In order 




to work under the high pressures necessitated by these consider- 
ations Bergius has made use of apparatus as shown in Figs. 85 
and 86. 

The successful closure of the reaction chamber was attained by the use of a 
tapered plug forced into a seat having a taper of different angle so that the contact 
becomes a line rather than a surface. (Bergius, Die Anwendung hoher Drucke bei 
Chemischen Vorgangen, Halle, 1913, 6.) A charge of say 100 kilos coke and 200 

• First Addition, Oct, 28, 1905, to French Patent 361,866. 
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kilos water containing in solution 1 kilo of thallium chloride is placed in a strong 
iron vessel provided with a valve, and the vessel is heated to 340® C. (German 
Patent 259,030, June 24, 1911.) The 
mixture of hydrogen and carbon dioxide 
which collects in the upper part of the 
vessel is blown off through the valve at 
intervals of half an hour, and the carbon 
dioxide is absorbed by lime. 

Using iron instead of carbon, 

Bergius * has developed a process 
of making hydrogen without the 
accompanying formation of car- 
bon dioxide, based on the reaction 
between iron or other metal and 
water at a temperature of 300° C., 
or so.f A receptacle as shown in 
Fig. 87 is employed. This has an 
expanded basal part serving as 
a reaction chamber and a long 
tubular outlet.J 

Iron and water (which should contain 
an electrolyte such as sodium chloride) 
are placed in the chamber and are heated 
to 300® C. The pressure rises to 100 
atmospheres or higher. Water condenses 
in the tubular outlet and flows back 
into the reaction zone. Hydrogen is 
blown off by means of the valve in the 
upper part. It is stated that in this 
way hydrogen can be obtained directly 

* Bergius (Zeitsch. f. angew. Chem. (1913), 517) states that with his process 
hydrogen containing less than 1/100 of a per cent of impurities may be produced. In 
apparatus which has been thoroughly tested at Hanover, a vessel of a capacity of 80 
liters produced 12 cubic meters of hydrogen hourly. Bergius states that the construc- 
tion of vessels of larger size up to a capacity of about one cubic meter offers no 
difficulty. In large plants which are arranged for proper heat utilization, Bergius 
estimates the cost of hydrogen at about 2 cents per cubic meter. The advantage 
of this process is that very pure hydrogen under high pressure may be produced at 
a low cost and without an expensive equipment, enabling works requiring only a 
small amount of hydrogen to produce this gas on the spot at low cost. The iron 
oxide formed by the reaction can be reduced by heating with carbon at 1000° C. 
and is then ready to be used a second time. 

t German Patent 254,593, Oct. 24, 1911, and German Patent 262,831, July 7, 
1912. 

t Apparatus fitted with an agitator and adapted for the treatment of liquids with 
gas high pi^ures is described in Chem. Ztg. (1913), 1288. 
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under a pressure mon^ than 100 atmospheres. Lower oxides of metals may re- 
place the metals themselves. (French J’atent 447,080, Aug. 9, 1912.) The water 
may contain neutral salts, acids or other (conductive compounds. The reaction 
is also accelerated by the use of a second metal, such as copper, nickel or platinum, , 
more electropositive than the principal metal.* 

Sabatier f produces a mixture of hydrogen and methane by passing 
moist purified water gas over finely-divided nickel at a temperature of 
from 300 to 450° C. The water gas is first purified by removing carbon 
dioxide by means of sodium carbonate and caustic soda or potash, and 
is then passed over copper to remove sulphur. 

Sabatier observes that the manufacture of methane or of mixtures of methane 
and hydrogen has been carried out by producing water gas, by depriving the gas 
of carbon dioxide with the aid of an alkaline carbonate and by finally passing the 
gas over heated nickel. This proce.ss has never produced good pracctical results on 
account of the following reasons: The water gas constantly varies in composition 
and as the whole operation is based on a definite composition of the gas, the process 
soon becomes defective, the production of hydrogen becomes insufficient, the nickel 
is car) ionized and after a short time the operation has to be stopped. The carbon- 
ized nickel has to be regenerated and an operation of the kin(l requires time and 
expense. 

The Reaction in the Nickel Tubes. The practical execution of this reaction 
depends on the following conditions: 1. The initial cleaning of the gas. 2. The 
arrangement of the apparatus. 3. The preparation of the nickel. 4. The way of 
conducting the operation. 

1 . The gas deprived of carbon dioxide consists of a mixture of carbon monoxide 
and hydrogen. It must be freed from traces of sulphur compounds that it may 
contain and for this purpose the gas is made to pass through tubes, Fig. 87a, con- 
taining copper in the shape of turnings or of a fine powder. These tubes are built 
into a wpter-gas furnace and must be maintained at a temperature between 500° 
and 600° C. The copper heated to dark red withholds any impurities that might 
deteriorate the nickel. After long use the copper becomes partly transformed into 
copper sulphide and must be renewed. 2. The apparatus for the reaction with 

Anilin und Soda Fabrik., French Patent 441,695, March 23, 1912. 
OpcratioiiH in which hydrogen, or gases containing it, are employed under pressure 
and at a high temperature can Iw carried out in vessels, provided with special strength- 
ening appliances, although the wall of the interior vessel in which the reaction takes 
place is composed of some material, such as iron free from carbon or nickel, which is in- 
capable of offering by itself sufficient mechanical resistance to the conditions imposed 
by the process, but chemically is as resistant as possible to hydrogen. (Sec also U. S. 
Patent 1,077,034, Oct. 28, 1913; and 1,075,085, Oct. 7, 1913.) 

Hydrogen under pressure may be used in conjunction with vessels constructed of 
steel alloys, at temperatures considerably above 460° C. when these alloys contain certain 
proportions of chromium, vanadium, tungsten, molybdenum or the like. Suitable alloys 
contain (1) tungsten 18 and chromium 3 per cent, and (2) chromium 2.9 and carbon 0.2 
per cent. Alloys, containing too high a percentage of nickel should be avoided. (J. S. 

C. L (1913), 1010; Badische Anilin und Soda Fabrik., British Patent 29,260 and 13,258, 
Dec. 19, 1912, and June 7, 1913.) 

t U. 8. Patent No. 966,734, May 3, 1910. 
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nickel consists of horizontal metallic flattened tubes. 3. The nickel producing the 
catalytic reaction must be in a powdered condition and is obtained by reducing 
commercial nickel oxide. The oxide is reduced by applying the mixture of carbon 
monoxide and hydrogen that issues from the copper tubes. The reduction is effected 
between 350 and 450° C. 4. The tubes for the nickel are grouped in several series 

that are independent of one another, so that 
one series may be emptied, filled again and 
reduced without interrupting the whole 
operation. 5. The reaction with nickel is 
effected at 350° C., but the temperature may 
vary between 300° and 450° C. without in- 
volving any serious disadvantage. As the 
gases are moist when they reach the nickel 
and the reaction is accompanied by a con- 
siderable production of water, the permanent 
formation of carbon on the nickel according 
to the reaction 2C0='C-1-C02 does not take 
place. 

Jaubert * tests silicol (ferro silicon) and 
other silicon alloys used in the production of 
hydrogen, by the following procedure: Five 
portions (10 g. each) of the ferrosilicon con- 
tained in thin paper thimbles are added suc- 
cessively to 50 cc. of 40 per cent sodium 
hydroxide solution in a 2-liter flask and kept 
at 80° C. The evolved gas is led through three wash bottles containing, respec- 
tively, pure water, bromine water (to oxidize hydrogen phosphide) and 10 per cent 
sodium hydroxide solution (to remove bromine vapor). To the last wash-bottle, 
in which a thermometer hangs, is connected a gas receiver. The volume of gas 
obtained is reduced to 0° C. and 760 mm. 50 g. of silicol yield 70 to 75 liters of 
hydrogen. 

Baillio t produces hydrogen and sodium silicate by the following 
method. An excess of silicon is repeatedly acted on with 10 per cent 
caustic soda solution, in a closed vessel and the hydrogen and sodium 
silicate solution produced by each treatment are removed before adding 
fresh caustic soda solution. 

De la Fresnaye and Suchy | give the following as a cyclic process for 
producing nascent hydrogen by means of esters. 

An ester is saponified with water, in the presence of a metallic oxide or carbon- 
ate and the material to be treated with nascent hydrogen, to which may be added a 
reducing agent, such as trihydroxybenzene or gallic acid. For example, petro- 
leum containing sulphur compounds is treated with ethyl acetate, lead oxide or car- 
bonate, and a small proportion of trihydroxybenzene, the lead sulphide produced 

*Rev. Gen. Chim. pure et appl., 1913, 16, 341; Chem. Teohn. Rep., 1914, 38, 380; 
J. 8. C. I., 1914, 1091. 

t€hem. Abs., 1916, 1582, J. S. C. I., 1916, 633. U. 8. Patent No. 1,178,205. 

^French Patent No. 476,454, Apr. 23, 1914; J. 8. C. I., 1916, 48. 
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is filtered off, and ethyl acetate, which is continuously reformed, during the reaction 
is recovered by fractionating the filtered product; the reaction is facilitated by 
adding ether to prevent emulsification. 

Kessener ♦ produces hydrogen by the following method: Waste liquor sludges, 
or the liquors themselves (e.g., from paper factories), are inoculated with anaerobic 
bacteria capable of producing methane or hydrogen, selected with special regard 
to the nature of the particular waste liquors employed. Suitable nutrient salts 
are added and the bacteria are grown under conditions which minimize the pro- 
duction of free nitrogen. 

In Snelling’s process f hydrogen is separated from producer gas or 
other gases by diffusion through porous earthenware or alundum con- 
tainers having a thin coating of platinum or palladium. The porous 
tube is electrically heated by resistance wires preferably to above 
800 °, the gas being introduced under pressure. Hydrogen diffuses 
through the platinum or palladium film and porous tube and is then 
drawn off. Several other forms of apparatus are also described. Cobalt, 
nickel or iron may be used instead of platinum or palladium but with 
decreased efficiency. 

The separation of the different components of a gas mixture is brought about 
by Wussow X by leading the gas over the surface of permeable or absorbing media. 
These media may be either solid or liquid, and different forms may be used simul- 
taneously to separate the different constituents of a complex mixture. Moving 
penneable surfaces may be used to accelerate the diffusion. The diffused gas may 
be removed from the farther side of the diaphragm by maintaining a low pressure or 
by circulating an indifferent gas, such as steam, ammonia, or carbon dioxide, which 
afterwards can be removed by solution or condensation. Diffusion may also take 
place through several media in succession, each of which causes a partial separation. 
As an example of the process, using a layer of water as permeable medium, at 
0* C., this would absorb 85.2 times as much carbon dioxide as hydrogen, and at 
20® C., 49 times as much. A system has been devised on this principle for the 
manufacture of hydrogen from water gas at a cost of 3.0 Pf. per cubic meter. 
A product containing 99 per cent hydrogen can be prepared at a cost of 6.4 Pf . per 
cubic meter. 

Curme § provides a method for the separation of various gases in a 
gaseous mixture containing acetylene, ethylene, methane and hydrogen 
with traces of other gaseous substances, such as impurities, whereby 
the available gases are separated one from another in a form and 
condition in which they are available for commercial use. 

In carrying out the process, an apparatus as shown in Fig. 876 is filled with char- 
coal and connected with the container in which the body of gas is stored. The upper 

* German Patent No. 290,126, Feb. 7. 1914; J. S. C. I., 1916, 486. 
t U. S. Patent No. 1,174,631; Chem. Abs., 1916, 1424, J. S. C. I., 1916, 627. 
t German Patent No. 296,463, Apr. 16, 1913; J. S. C. I., 1917, 330. 

{ U. S. Patent No. 1,181,116, May 2. 1916; J. S. C. I., 1916, 683. 
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pipes are connected to the receivers arranged to receive tne respective gases. The 
charcoal, having an affinity for the acetylene and ethylene, is stated to take up or 
absorb these gases, while hydrogen and other gases pass through the vessel unchanged. 
This of)eration continues until the charcoal has taken up all of the acetylene and 
ethylene gases, which such a quantity of charcoal is capable of containing. Heat 
is then applied to the vessel, raising its temperature to around 200° C., at which 
temperature all of the acetylene and ethylene contained in the 
charcoal will be driven out. When these gases have been com- 
pletely expelled from the charcoal the latter is cooled and is ready 
for another operation. The hydrogen obtained is claimed to be free 
from all impurities of the type known as catalytic “poisons” so 
that it is considered especially well adapted for use in catalytic 
hydrogenation processes. 

Scholl * produces a mixture of nitrogen and hydrogen in which 
the ratio of nitrogen to hydrogen is equal to R, by mixing ammonia 
gas and air in the proportion of {2R 4- 4 to 3/2— 1) and jjassing the 
mixture over a catalytic agent to induce dissociation of the ammonia 
and combination of the oxygen with hydrogen. For example, a 
mixture of equal parts of nitrogen and hydrogen is obtained by 
charging a closed vessel with ammonia gas under pressure, intro- 
ducing air until the total pressure is four times the absolute pressure 
of the ammonia, and then passing the mixture over a catalytic agent. 

An apparatus is described by Oyobigawa f whereby air-free 
hydrogen may be generated from the start, the waste solution may 
be discharged without admission of air, and the quantity of solid 
reagent may be regulated to control the pressure and volume of the gas. 

The method of Quentin and Guillien f depends upon the decomposition of water 
by fused zinc, the bath of zinc being kept molten by the combustion of a portion of the 
gas produced by the reaction. The apparatus consists of a bath for the molten 
zinc, in which is a perforated steam-coil connected with an outer coil heated by a 
burner. At the top of the bath an inclined surface is fixed, which carries the zinc 
oxide away as it forms. 

A method for preparing hydrogen is described by Helbig § which is based on the 
reaction of aluminum with caustic soda; 810 g. aluminum and 3600 g. caustic soda 
are required to furnish one cubic meter of hydrogen. Inasmuch as commercial 
aluminum and caustic soda may be regarded as 99 and 77 per cent pure, respectively, 
5185 g. of the latter would be required to furnish 1000 1. of hydrogen gas. Helbig 
notes that this yield constitutes a saving of 20 per cent as compared with the usual 
method based on the reaction of iron and sulphuric acid. 

Activation of the aluminum is secured under the influence of heat, which brings 
about a considerable increase in the yield of hydrogen obtained when the product 
is subsequently treated with water. 1 1 

The activation of the aluminum results from the surface amalgamation of the 
metal, principally upon the production of the amalgam by the reduction of the 

♦ U. a Patent No. 1,123,394, Jan. 5, 1916; J. S. C. L, 1915, 228. 

t Japanese Patent No. 29,910, August 18, 1916; Chem. Abs., 1917, 412. 

t French, Patent No. 476,994, May 18, 1914; J. S. C. L, 1916, 601. 

§ Ph. praxis; through Boll. chim. farm, 53, 71, 1914; Chem. Abs., 1915, 1373. 

jl'German Patent No. 294,910, Jan. 27, 1916; L. Elkan Erben G.m.b.H., J. S. C. I., 
1916; 386; Chem, Abs., 1918, 605. 
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mercury compound, and from the etching action of caustic soda. The amount 
of hydrogen evolved is claimed to ho greatly increiised if the activation is elTectfd 
in \vhol(‘ or in part with heating, either amalgamating the aluminum with heating, 
or etching with caustic soda in the lajat, or carr5dng out (he whole i>rocess at an 
elevated temf)erature. In the subsequent evolution of hydrogen the use of hot 
water is not then necessary, e.g., 50 g. aluminum filings are heated on the sand bath 
in a dish for about thirty minutes at 180°, and then sprinkled with 1 per cent mer- 
curic chloride solution. The excess is poured off and washed with pure alcohol. 
After drying 0.2 g. of the product are drenched with about 10 cc. of a 1 per cent 
caustic soda solution which, after a short time, is made up to 1 1. with pure water. 
In twenty-five minutes about 40 cc. hydrogen are evolved. Without previous 
heating of the aluminum, only 31 cc. hydrogen are evolved under otherwise like 
conditions. 

According to Hamlin balloons are generally inflated with hydrogen from scrap 
iron and hot acid, unless there is some other source of the gas close at hand. The 
French army has made use of processes which w^ould lie far too expensive for most 
commercial purposes, but which have the advantage of requiring none but readily 
portable materials and apparatus, f Simple apparatus designed by Jaubert for the 
decomposition of “ hydrolith,” which is essentially calcium hydride with some 
calcium oxide and nitride, yields 1 cubic meter of hydrogen per kilogram of 
hydrolith. Jaiibcrt’s process involving the treat n;ent of ferro-silicon or mangano- 
siliion with water and caustic soda appears to be a reaction difficult to control. 
Jaubert has, therefore, introduced another “ hydrogenite ” process. Ferro-silicon 
is intimately mixed with dry caustic soda and quicklime, and the bricks obtained 
are sealed in tin cases to keep out moisture. When wanted, the brick is placed 
within a water-jacketed apparatus, and a hot wire is forced into the brick. The 
mass burns without giving any flame, some steam is generated in the jacket, and 
this steam enters the brick and hastens the liberation of hydrogen. The ferro- 
silicon used is of a very high grade, containing more than 90 i)er cent of silicon. The 
reactions give hydrogen, lime and sodium silicate; the iron is unessential, and is 
used only because it is cheaper to manufacture rich ferro-silicon than to isolate silicon 
itself. 

Foumiols J gives a review of the methods that have been proposed 
for the commercial production of hydrogen. The hydrogenite, hydro- 
lit b, and c'ilicol processes are discussed at some length with reference 
to apparatus for field use. 

He states that the problem of transportation presents the greatest difficulties in 
connection with the utilization of the hydrogen gas set free in large quantities as a 
by-product in electrolytic caustic and chlorine plants. In transporting this hydrogen 
the great weight of the cylinders which must be moved to get a small amount of 
hydrogen to a certain point was a serious obstacle. This gave rise to the develop- 
ment of the other processes above mentioned involving the use of portable generating 
apparatus. A comparison of the price of transportation in this way with the com- 
pressed hydrogen method is given as follows: 

* J. Ind. and Eng. Chem., 1915, 642. 

t Engineering, 99, 1915, 415. 

} llev. gen. sci., 1915, 86 , 339; Chem. Aba., 1916, 2294. 
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Cylinders wUh Compressed Hydrogen Hvdrolilh 



Francs 


Francs 

8000 tubes at 80 fr 

640,000 

48 tons at 5 fr. per kg 

. . . 240.000 

50,000 cubic meters of hydrogen 


Apparatus for generating 

... 40,000 

at 0.40 fr 

20,000 



Carriers for tubes 

60,000 

Carriers for reagents 

. . . 4,000 

12 carriages of 3 tons 

240,000 

2 carriages of 3 tons 

... 40,000 


960,000 


324,000 


This table is only intended to compare transportation cost. The hydrolith process 
is expensive as a stationary means of production. Fourniols states that the latest 
German process for both lighting and inflating purposes, using coke and oil, is also 
capable of being transported ready for generating purposes. 

Bamitz has reviewed the field of hydrogen production and utilization in Metallur- 
gical and Chemical Engineering, April 1, 1916 and Journal of the Aeronautical 
Society of America, May-June, 1916. In the first-mentioned paper the Linde 
process, iron and steam method, hydrogen by the decomposition of hydrocarbons 
and by electrolytic methods are considered. The application of hydrogen in the 
hydrogenation of fatty oils is briefly discussed. Modern methods of manufacture 
of hydrogen are outlined by Gas World, 1918, 68, 4. In the report of the British 
Comptroller and Auditor General, it is stated, that the cost of hydrogen gas showed 
an increase from $4.60 per 1000 cu. ft. in 1912-13 to $5 25 in 1913-14.* The output 
during the latter year was 2,023,607 cu. ft. as compared with 3,493,296 cu. ft. in 
1912-13. Seeker f outlines the methods in use for the commercial production of 
hydrogen and the manner in which the gas is employed for industrial purposes. 
The generation of hydrogen by different methods and the cost of equipment is dis- 
cussed by Bontoux.t A review of the developments in hydrogen gas manufacture 
during 1914 ap[)ears in Zeitsch. angew. Chem., Aufsatzteil, 1915, 221. Sander § 
gives a review of the principal processes for the manufacture of hydrogen on 
the large scale for military purposes; and of the methods for handling the gas 
in the field. A review of the subject of the application of hydrogen gas in 
aeronautics is given by Redgrove. 1| The production of hydrogen by the electrical 
decomposition of acetylene, the use of hydrolith, hydrogenite and the like are 
discussed. The manufacture of hydrogen for military purposes is ably described 
by Ardery.11 

Crossley** discusses at length the methods of manufacture of hydro- 
gen and its uses. A review of modern apparatus for the preparation 
of hydrogen is given by Kausch.ff 

Teissier and Chaillaux || heat a mixture of barium sulphate and 

♦ J. Gas Lighting, 129, 1915, 442. 

t Polytech. England, 1914, 61. 66; Chem. Abs., 1914, 3619. 
j Mati^res Grasses, 1914, 4194; Seifen. Ztg., 1914, 987. 

§ Chem. Abs., 1916, 808, J. Gasbel, 1915, 637. 

II Chem. Trade J., 60, 359; Chem. Abs., 1917. 2264. 

H Trans; Am. Electrochem. Soc., 1916, 19 , 549; Met. Chem. Eng., 1916, 14 , 333. 

•*J. 8. C. I., 1914, 1135. 

tt Berlin Chem. App., 1915, 2, 125 and 141. 

Wll French Patent No. 447.688. 1912: J. 8. C. I.. 1913. 234 and 1914. 1137. 
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manganous oxide to a red heat, finally to a white heat, and pass steam 
under pressure over the resulting mass, when the following reactions are 
stated to take place: 

BaS04+4Mn0 = BaS+4Mn02, 

BaS 4- 4Mn02 = BaS+4Mn0+202, 

BaS -f4MnO +4H 2O = BaS04 4-4MnO 4-4H s. 



CHAPTER XXVI 

HYDROGEN BY THE ELECTROLYSIS OF WATER 

The production of hydrogen and oxygen by the electrolysis of 
water, though one of the oldest electrochemical experiments, and 
proposed in a large number of patents, in the past has been carried 
out industrially only to a limited extent. There was considerable 
difficulty in developing the laboratory apparatus so that it would 
operate successfully in practice, one of the hardest conditions to meet 
being the necessity of absolute safety of operation, and this required 
the exclusion of every possibility of the forrnntioii of an explosive gas 
mixture. Another difficult matter was the requirement of providing a 
material for the electrodes, which was not at all or only slightly attacked 
by the electrolyte, and the necessity of constructing apparatus with 
a small internal resistance.* 

These problems appear now to have been worked out satisfactorily 
so that large scale electrolysis of water is on a solid industrial basis. 
The principal processes or systems used in practice include those 
of the International Oxygen (^o., Garuti, Schoop, Siemens-Halske, 
Schmidt, Schuckert and Burdett.f 

* The Electrolysis of Water, Richards and Landis, Trans. Am. Electrochem. 
Soc., Ill, 104, and IV, 112, is concerned largely with the theory of the subject, while 
a paper by Richards bearing the same title, appearing in the Journal of the Franklin 
Institute, 1905, 377, treats of practical developments in hydrogen and oxygen gener- 
ation. 

t In the electrolysis of water there are certain constants whose values are the 
same under all conditions of operation within certain limits. The first constant 
is the amount of hydrogen liberated per ampere hour of current passed through the 
cell generator; the figure is 0.03738 gram or 0.014825 cubic foot of hydrogen gas 
measured at 0 degree and 760 mm. pressure. Thus, at 400 amperes, which is the 
customary operating amperage for most cell generators, the production will be 5.93 
cubic feet of hydrogen and 2.96 cubic feet of oxygen (at 0 degree and 760 mm. pres- 
sure) per hour. At 20 degrees and 760 mm. pressure the output will be 6.36 cubic 
feet of hydrogen and 3.16 cubic feet of oxygen per hour per cell generator. The 
secoTid constant is the minimum voltage that will force the current through the cell 
generators. For a solution of sodium hydroxide in water the minimum voltage is 
1.69 volts, for potassium hydroxide 1.67 volts; this, then, is the lowest voltage at 
which decomposition of water, or electrolysis, takes place. In order to produce 
gas with current at this voltage, the cell generator would have to be constructed 
in such a manner as to do away with all internal electrical resistance which is obvi- 
ously impossible and so the operative or practical voltage is higher than the theoret- 
ical ' With a current of 400 amperes the voltage will vary from 1.9 to 4, depending 
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D’Arsonval) in 1885, was perhaps the first to install a plant for 
furnishing oxygen electrically in the laboratory. He used 30 per 
cent caustic soda solution as electrolyte, cylindrical sheet-iron elec- 
trodes, a current density of two amperes per square decimeter, and 
enclosed the anode in a woolen bag, to serve as a diaphragm. Only 
the oxygen was saved. The apparatus used sixty amperes, furnished 
some 100 to 150 liters of oxygen daily, and was in use several years. 

Latchinoff used an asbestos cloth partition, ten per cent caustic 
soda solution, iron electrodes, 3.5 amperes per square decimeter 
and 2.5 volts working tension; or with a five to fifteen per cent sul- 
furic acid solution he used lead anodes and carbon cathodes. In 
his first apparatus, Figs. 88 and 89, the units were all in parallel, but 
afterwards he used scries electrodes, the one side of an electrode 
acting as an anode and the other as a cathode; a scries of forty was 

on tho typo of cell generator. With the first constant given the amount of hydrogen 
pro(lue(Ml per 400 amperes per hour and the minimum or theoretical voltage given 
it is a simple matter to determine the yield of gas per kilowatt-hour of electricity 
used. The theoretical efficiency will be 400 amperes X 1.69 volts or 0.676 kilowatt- 
liour to produce 6.36 cubic feet of hydrogen. The theoretical yield per kilowatt- 
hour per cell generator will be 9.408 cubic feet of hydrogen. In j)ractice the yield 
is from 4.5 to 8.25 cubic feet of hydrogen per kilowatt-hour. 

In general, electrolytic plants consist of the following important parts, cell gener- 
ators for producing the gases, a motor-generator set to deliver a direct current at 
the proper potential or voltage, gasometers and storage tanks for storing the gas 
as it is generated and compressors and compressor motors for raising the pressure 
of the gas to the required point. Stripped of everything but essentials the compo- 
nent parts of all cell generators are: a container tank for holding the solution; one 
or more positive electrodes, one or more negative electrodes, immersed in the solu- 
tion; iueans for separating the electrodes to prevent mixture of gas and means for 
separately collecting the gas as it is generated. The separating medium is usually 
a diaphragm and may be of metal, earthenware or cloth. The diaphragm may be 
a conductor or non-conductor of electricity and if of conductive material it should 
be insvl'ited from the electrodes. The effect of the diaphragm is to divide the 
generator into two or more partitions, and the gases as generated will rise to the top 
of the partition, there to be drawn off by means of pipes which lead to header pipes 
connecting a line of cell generators, each gas, of course, being drawn off by means 
of separate pipe lines. The header pipes in turn are connected to a main gas line 
which leads the gases to their respective gasometers. From the gasometers the 
gas is drawn off by means of compressors and compressed into storage tanks for use. 

The majority of installations require a motor-generator set to obtain the required 
voltage for operating. The current must be direct. The motor-generator set 
should be heavily built in order to operate on a twenty-four hour load. The com- 
pressors employed are specially adapted for handling these gases. The size and 
character of the gasometers used, of course, depends on the size of the installation. 

Below is given a typical operating cost of an electrolytic plant consisting of 
100 cell generators with a production capacity of 632 cubic feet of hydrogen and 316 
cubic feet of oxygen in one hour and 15,168 cubic feet of hydrogen and 7584 cubic 




Fio. 88. Fig. 89. 


feet of oxygen in 24 hours. Tlie yearly production, 300 days 24 hours per day, is 
4,550,400 cubic feet of hydrogen and 2,275,200 cubic feet of oxygen. 

Each cell generator requires about 2 volts at 400 amperes equivalent to 800 watts 
or 0.8 kilowatt-hour. 

100 cells X 0.8K.W.H. X 24 hours X 300 days = 576,000 K.W.H. yearly plus 
25 per cent for loss through motor-generator set = 720,000 K.W.H. yearly. 
Hydrogen compression requires 4 K.W.H. per hour. 

4 K.W.H. X 24 hours X 300 days = 28,800 K.W.H. yearly. 

(Compression to 300 pounds per square inch.) 

Oxygen compression requires 12 K.W.H. per hour. 

12 K.W.H. X 24 hours X 300 days = 86,400 K.W.H. yearly. 

(Compression to 1800 pounds per square inch.) 


Current consumption yearly: 

Cell generators 720,000 

Hydrogen compression 28,800 

Oxygen compression 86,400 

Total m,200 

Fixed charges: 

Depreciation, maintenance, yearly $3000.00 

Interest on investment 1500.00 

Labor: 

300 days, 24 hours, at 30 cents per hour. $2160.00 


With current at a price of say 1 cent per kw.-hour, which although a low rate is 
not excessively low for this class of service, the total operating cost will be $15,012.00 
per year. 

The demand for oxygen in metal working lines is at present so great and so poorly 
met that in the majority of cases the oxygen produced by an electrolytic plant may 
be disposed of under contract at such terms as will result in the hydrogen being 
produced at a relatively low cost. 
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used on a normal lighting circuit, with current density of ten amperes 
per square decimeter, and parchment partitions between the electrodes 
to separate the gases. Latchinoff was also the first to carry out the 
decomposition under pressure, using a strong iron vessel as elec- 
trolyzer, and by an ingenious system of floating valves keeping the 
pressure of the two gases equal in the apparatus. Fig. 90 shows this 
apparatus, the action of which will be evident from a short inspec- 
tion. 

Renard’s apparatus for the generation of hydrogen is shown in 
Fig. 91. The container is made of cast iron and serves as the nega- 




Fig. 91. 


tive electrode. The cylinder C of asbestos material encloses the 
positive electrode which is cylindrical in shape and is made either of 
iron or nickel. Through the bottom of the diaphragm cylinder the 
U-tube R establishes communication between the inner and outer 
vessels. The electrolyte is a solution made by dissolving 15 parts 
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of caustic soda in 100 parts of water. Before the gases are passed 
to the gas holder they are led through the pressure equalizer marked 
H and 0. With a current of 25 amperes at 3.5 volts a yield of 12 
liters of hydrogen and 6 liters of oxygen per hour is obtained. 

A form of construction of the 
Renard * type is shown in Fig. 92 
and also in Fig. 93. 

The multiple cell of Schmidt f 
looks somewhat like a filter press, 
Fig. 94, and consists essentially of 
bipolar, iron electrodes, connected 
in series. Each frame in the press 
contains an iron electrode, which 
acts as a double-pole (bipolar) elec- 
trode, sheets of asbestos cloth held 
between the frames acting as par- 
titions, reinforced with rubber on 
the edges for making tight joints. 
The electrolyte is a ten per cent 
solution of potassium carbonate, 
filled into the apparatus through the 
standpipe on the right, which com- 
municates with all the compartments 
through holes in the frames similar 
to the usual filter-press construction. 
The gases evolved escape by similar 
passages into the cylinders on the left 
end, where they separate from the 
electrolyte and pass upwards, while 
ihe electrolyte, dragged by the gas bubbles, flows downwards back 
into the apparatus, thus maintaining an efficient circulation. With 
forty plates about 2.5 volts are absorbed in each cell, using a current 
density of about two amperes per square decimeter. J 

The apparatus is shown in detail in Fig. 95. A 110- volt direct- 
current lighting circuit may be Employed for the operation of a series 
type apparatus composed of the requisite number of cells. The press 

♦ Delmard, German Patent 58,282, Nov. 23, 1890. 

t German Patent 111,131, June 13, 1899, 

t A multiple-cell generator of the filter press type is manufactured by Shriver iSp 
Co., Harrison, N, J. 

A filter-press type of hydrogen generator having an output of 16 cu. m. of hydrogen 
per hour is made by Maschinenfabrik Siirth, G.m.b.li. Slirth am Rhein bei K61n. 



Fig. 95. 
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Fig. 96. Shriver oxj^-hydrogen generator. 



Fig. 98. 


Fig. 99. 


Schoop, in 1900, devised an apparatus with non-conducting and 
non-porous partitions, which has gone into considerable commercial 
use. Fig. 97 shows the section of the apparatus, where aa are the 
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tubular electrodes of sheet hard lead, enclosed by glass or clay sus- 
pended tubes c, which are perforated at their lower end; the electrode 
surface is further increased by fine hard lead or iron wires hung inside 
the tubular electrodes, the latter being perforated above the level 
of the electrolyte in order to let the internally-generated gas escape. 
Each cylinder contains two anodes and two cathodes. When alkaline 
electrolytes arc used and iron electrodes, the working voltage is 2.25; 
when sulfuric acid of density 1.235 is used, with hard-lead electrodes, 
the working voltage is 3.6 to 3.9. Fig. 98 shows a single electrode and 
Fig. 99 an installation of the Schoop system.* 


+ a. 


“T> 4 a 




-k +a 





Garuti, in 1892, introduced a new electrolytic principle into these 
apparatus for the decomposition of water. He used a nearly com- 
plete metallic partition between the electrodes, and avoided the (‘volu- 
tion of gases on this partition by keeping the working voltage between 
the electrodes below three volts. A metallic partition can only act as 
an intermediate or bipolar electrode by virtue of the current entering 
and leaving it; but this would make two decompositions between 

• Sch(K)p (Zeits. Elektrotechn. Wien (1900), 18, 441) discusses the difficulties 
met with in the construction of a suitable apparatus for the' technical electrolytic 
manufacture of hydrogen and oxygen, and gives a description of patents dealing 
with this subject. In the Schoop apparatus it is claimed that 1.5 cubic meters 
of hydrogen and oxygen are produced per 11 horse-power hours. Richards (Jour. 
Franklin Inst. (1905), 390) notes that the output is given as 68 liters of oxygen and 
136 liters of hydrogen per electrical horse-power hour. A description of the Schoop 
system is given in the Centralblatt f. Accum., Feb. 15, 1903. It is stated that the 
length of the tubes is chosen according to the pressure under which the gases are 
wanted. The following results were obtained with the Schoop apparatus during 
one y^: One electric horse-power hour gives 97.5 liters of hydrogen and 48.75 oxy- 
gen (probably under atmospheric pressure); i.e., for one cubic meter of mixed gas 
6.8 horse-power hours are required; with warm acid (sulfuric acid of 1.23 specific 
gravity being always used) this value is reduced to 6.2 horse-power hours; if the 
price of one horse-power is 1 cent, the cost of the production of one cubic meter of 
mixed gases is 4.2 to 4.8 cents. The purity of the oxygen is 99 per cent, that qf the 
hydi^en 97.5 to 98 per cent. 
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the original electrodes, necessitating an absorption of 2 X 1.5 = 3 
volts in decomposition. As long as the working voltage is kept 
below 3, the partition must act merely as a partition, the same as a 
non-conducting partition. Reference to Figs. 100, 101 and 102 will 
make this entirely clear. If 2 electrodes are placed in a vessel (Fig. 100) 

containing acidulated water and 
are separated by a sheet of metal 
c (Fig. 101), two separate decom- 
position chambers result and the 
sheet metal serves as a bipolar 
electrode, so that the side towards 
the anode evolves hydrogen and 
that towards the cathode, oxygen. 
Since the 1.5 volts are required 
for the decomposition of water, 
the cells M and N will require 3 
volts. If the diaphragm is raised 
somewhat so the chambers M and 
N arc in communication (Fig. 102) 
the evolution of gas will take place 
only on the terminal electrodes 
and not on the intermediate con- 
ducting septum. The latter be- 
comes a bipolar electrode only 
when the electromotive force ex- 
ceeds 3 volts. The advantage 
gained by the Garuti process is 
in the simplicity and economy of 
making the partitions of sheet 
I’^etal instead of burnt clay, rubber, glass, etc. 

Garuii devised many modifications in the details of his cells, of 
which Fig. 103 may represent the most recent. The original forms 
made of sheet lead (using dilute sulfuric acid electrolyte) got out 
of shape too easily, and were replaced by sheet-iron apparatus, using 
caustic soda solution. The electrodes are only twelve millimeters from 
each other, and separated by a sheet-iron partition with small per- 
forations in it, the latter allowing free passage of current but being 
too small to allow any gas bubbles to pass. The alternate compart- 
ments are connected with oxygen and hydrogen mains, in which are 
enlargements for collection of spray and moisture, which runs back 
into the cell. Current densities of two to three amperes per square 
decimeter are possible with a working voltage between 2.45 and 3, 
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using caustic soda solution of 21® The cell shown in Fig. 104 is 
intended to take 400 amperes, and to require one kilowatt of power. 
The Garuti type Oil generator consists of 45 separate compart- 



Fig. 104. 


ments made of 16-gauge sheet iron welded together to form a single 
unit.* The sides of the compartments are used as diaphragms and are 
usually perforated (Fig. 105) to allow circulation of the electrolyte but 



Fig. 105. Fig. 106. 

Perforated compartment walls of the Garuti generator. 

* In 1892 Garuti took out a patent (British Patent 16,588, April 25, 1892) de- 
scribing an apparatus consisting of a container having an inverted leaden case with 
partitions of sheet lead soldered together so as to form a case divided into parallel 
cells open only to the water at the bottom. The partitions of the cells separate the 
anodes and cathodes which are placed alternately and are insulated in the cells by 
means of combs made of suitable material. In 1896 Garuti and Pompili (British 
Patent 23,663, Oct, 24, 1896) described an improvement on the former patent, 
involving the perforation of the diaphragms in their lower part by small holes as 
near as possible to each other. See also U. S. Patents to Garuti 534,259, Feb. 19, 
ind Garuti and Pompili 629,070, July 18, 1899. 
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not the gas. The perforations extend lengthwise along the lower 
edge of ejich compartment wall 3 inches from the bottom, forming a 
perforate strip 2^ inches wide. An electrode 
is placed in each compartment and the elec- 
trodes are alternately positive and negative. All 
like electrodes are connected together. Each 
compartment is f inch in width and 30 inches 
long. The electrodes are insulated from the 
compartments and are prevented from coming 
in contact with the walls by means of small 
porcelain insulators. The gas from all of the 
Fig. 107. Compartments hydrogen-producing compartments is collected 
of the Garuti generator. ^ proper 

and is led through a water seal and to a header pipe and then to a 
gasometer. The oxygen gas is handled in a like manner. The cells 
as well as the container tanks and pipe lines are insulated from the 
ground. The pipe from the cell to the header pipe is insulated from 
the latter by means of a sleeve of rubber and glass.* 

Siemens Bros. & Co. and Obach devised the apparatus shown in 
Fig. 112, the principle being similar to that of the Garuti. The cast- 
iron vessel a is surrounded by heat-retaining material, in order that 
the temperature of the cell may be automatically raised and thus its 
rutining resistance lowered. A cylindrical iron anode / is separated 
from the encircling cathode gf by a cylinder of wire netting c, held 
in place by the porcelain block k. The electrolyte is dilute caustic 
soda; the gases escape above from the spaces n and m. The whole 

* When the Garuti cell is first installed the efficiency will often be as high as 
6 cubic feet or so of hydrogen per kw.-hour, but the depreciation is said to be perhaps 
more rapid than in some other types of generators and in time the hydrogen output 
iGay dro, to about 5 cubic feet. Thus under the normal operating amperage of 
350 or 400, from 21 to 3 volts per cell will be required. The rather rapid deprecia- 
tion of the generator is said to have held back its use to some extent. Owing to 
the lightness of the materials employed and also possibly because of insufficient 
electrode surface, the anode is liable to be attacked and eventually worn away. The 
minute particles of iron or iron compounds formed are said to have a tendency to 
be deposited on the cathode. The insulatois, employed to prevent the contact of 
electrode with the compartment wall, form a convenient place of deposit for the 
iron particles with possible danger of causing a short circuit between the electrode 
and the compartment walls. If one compartment is short circuited the entire cell 
becomes “shorted" and this short circuit will cause the generation of mixed gas. 
The entire cell should be dismantled about once a year and cleaned with either a 
stream of water or by means of a sand blast. 

The American Oxhydric Company, Milwaukee, Wis., have had generators of 
the Garuti type in operation for several years. 
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Flu. 108. Garuti generator. 



Fig. 109, Battery of Garuti generators. 
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Fio. 110. One form of the Garuti generator. 




Fig. 111. A modified form of the Garuti generator. 
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apparatus is set on insulating porcelain feet. The normal type of 
apparatus is built to take 750 amperes at 3 volts drop of potential, and 
furnishing eleven cubic meters of oxygen and twenty-two cubic 



Fig. 112. 


Fig. 113. Plan and elevation of 


Siemens Bros, and Obach generator. 


solution of potassium carbonate is used as electrolyte. One hundred 
and thirty-four grams of water are decomposed per kilowatt-hour. 
By heating the electrolyte the output may be increased by 8 per cent. 
The electrolytic oxygen thus produced is on the average 97 per cent, 
pure, while the hydrogen contains one per cent of oxygen. 

Another form of metallic diaphragm cell has been devised by 
Fisch^fi Loaning and Collins.l The generator consists of a tank 


* Jour. Franklin Inst. (1905), 392. 
t Electrochemical Ind. (1904), 28. 
t U. S. Patent 1,004,249, Sept. 26, 1911. 
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containing an electrolyte in which an indifferent number of indepen- 
dent, preferably oblong, metallic cases are submerged. An illustration 

of the case is shown in Fig. 114. The 
case is open at the bottom and is 
divided into a pair of cells by a 
metallic diaphragm. Electrical con- 
nections to the anode and cathode 
and exit pipes situated on the upper 
side of the case are provided for the 
removal of the gases. 

The apparatus of the Schackert sys- 
tem * is constructed, with the excep- 
tion of the copper feed wires and the 
insulating material, entirely of iron. 
The cell proper of a unit designed to 
accommodate 600 amperes consists of 
a cast-iron trough (Fig. 115), approx- 
imately twenty-six inches long by 
eighteen wide and fourteen deep, re- 
quiring, when in operation, about 50 liters of electrolyte. In this trough 
are placcnl the iron electrodes. These are separated by strips of a good 
insulating material, extending from the top downward about three- 



Fi(i. Hi 



Fig. 115. Schuckert oelL 

fourths the depth of the cell. Between these separating plates and 
enclosing the electrodes are suspended iron bells, which collect and 
carry off the gas there generated. The electrolyte is usually a 20 per 

* Electrochem. Ind. (1903), 579, 
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cent aqueous solution of pure sodium hydrate, although a 15 per cent 
solution may be used. The concentration is maintained by supplying 
to the cells an amount of distilled water equal to that decomposed and 
carried away mechanically by the gas. The loss of sodium hydrate 



Fig. 116. Longitudinal section of Sohuckert coll. 


is inappreciable and may be entirely eliminated if the first wash water 
be used as feed water for the cells. The units may be connected 
either in series or parallel with a drop of potential between electrc^h's 
of from two and one-half and three volts. The apparatus is operated 




Fig. 117. Cross section of Schuckert cell. 


most economically at a temperature of 70° C. When the cells are 
protected from radiation, as can be done, for example, by placing 
them on wooden boxes and packing them in one or two inches of 
sand, the heating effect of the passing current is sufficient.* 

* The Elektrizitiits-A-G. Vorm. Schuckert & Co. have taken out German 
Patent 231,545, Aug. 13, 1910, for the addition of Hoai)s or Hoap-forriiing substances, 
preferably emulsified soaps, and of ferric oxide to the alkaline electrolyte employed. 
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Fig. 118. 



Fig. 119. 
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The standard types of apparatus are designed to take from 100 to 1000 amperes, 
and to furnish gas at a pressure equal to a water column of 70 to 80 mm. For 
special purposes a cell delivering gas sustaining a water column of 760 mm. may be 
secured. The production of normal types of apparatus is about 150 liters of hydrogen 
and 75 liters of oxygen per kilowatt-hour when measured over water at atmospheric 
pressure, and at 20° C. The attention required for a plant of this kind consists 
simply in supplying the requisite amount of water to maintain the concentration 
constant. When in continuous operation the positive electrode, which is made up 
of a sheet iron plate two millimeters thick, should bo replaced at the end of each 
year.* 


Fig. 118 shows the interior of a plant furnishing 1200 cubic meters 
hydrogen daily. Fig. 119 shows the exttTior of this plant. An equip- 
ment for an hourly production of 4 cubic meters hydrogen is shown 
in Fig. 120. Fig. 121 is a compression room for charging cylinders 
with oxygen at 1 50 atmospheres pressure. 



Fig. 120. 


A modified form of the Schuckert cell, as shown in Figs. 122 and 123, comprises a 
container tank, constructed of welded sheet iron and a number of positive and nega- 
tive electrodes immersed in the solution. Eight separate bell castings are employed 
to house the electrodes and collect the gas as it is generated. These bell castings 
are made of ^ close-texture gray iron and are suspended from the top of the container 
tank by means of U-shaped steel supports. The container tank and the bell castings 


♦ See Sci. Am. Suppl. (1913), 363. 
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play no part in the operation of the generator and are insulated from the electrodes 
and all eurrent-earrying metal. The electrodes are made of steel plat(^8 to each of 
which are welded two steel rods, both rods serving as terminals as well as supports 
for the electrode, holding it in position within the bell casting. The electrodes are 
alternately positive and negative. All of the positive electrodes are connected 
togcither by means of bus bars across the top of the tank and are led to a common 
terminal. The negative electrodes likewise arc connected together and led to a 
common terminal. Each bell casting is tapped for an eduction pipe to draw off 
the gas as generated. The four hydrogen pipes are connected together as shown 
and are led to the hydrogen pipe line connecting a battery of generators. The 
oxygen pipes arc connected hkewisc. The electrolyte fills the container and owing 
to its height above the electrodes the gas is generated under an appreciable pressure 
amounting to approximately one pound per square inch. 



Fig. 121. 


The novelty that distinguishes the Schuckert cell from the majority of other gener- 
ators is the absence of any diaphragm in the construction. While a diaphragm is 
actually not used, still the sides of the bell castings act in the capacity of a diaphragm 
to prevent the mixing of the gases. 

The working efficiency of the Schuckert cell under normal conditions of temper- 
ature is said to average from 4.5 to 5.5 cubic feet of hydrogen per kilowatt-hour of 
electricity passed through it. Or, in other words, the voltage required to force 400 
to 600 amperes through each cell will vary from 2.9 to 3.5 according to the condition 
of the plant. The Schuckert generator was one of the earliest placed on the market 
and at the present time three plants of this type are reported in use in the United 
States. Too high an amperage results in so rapid an evolution of gas that there is 
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a tendency under tlicHC conditionn 
for the gas in one chainlKU* to lx* 
forced down and under the wall 
of the next partition which, (d 
course, will result in mixed gas or 
the escape of gas into the gen- 
erator room. 

Another difficulty said to be 
met with in operating under high 
ampiirage is the wearing away 
of the anode, charging the el(‘c- 
trolyte with small particles of 
iron compounds whicli show a 
tendency to be attracted to the 
cathode and gradually form a 
deposit. These accretions have 
been known to build across tlui 
space between the electrode and 
the bell castings causing short- 
circuiting and permitting the bell 
castings to become charged, with 
consequent evolution of gas on its 
outer side and the escape of gas 122. Fig. 123. 

into the generating room.* 

Details of construction of an electrolytic ajqmratus for the production of hydro- 

* The Schuckert apparatus is supplied by the Elektrizitiits-A-G. Vorrn. Schuckert 
& Co., Nurnberg. In a private communication they state that, an electrolyzer 
battery, capable, when running at a temperature of 50° to 00° C., of prodmnng hourly 
10 cubic meters of hydrogen, yields the gas of 99.5 per cent purity. For this equip- 


ment they quote: 

Electrolyzer $2350 

CaTistic soda (containing a little chlorine and sulfur) 1450 kilos . . 410 

Insulating material 100 

2 scrubbers, driers, and safety devices, pressure regulators and 

gauges 250 

2 gas-purifying stoves 500 

Packing for over seas and freight _ 240 

Total $3850 

Other' auxiliaries are: 

2 gas holders (10 and 20 cubic meters) $2000 

Wooden staging and boxes to contain the battery embedded in 

sand for protection against loss of heat 200 

Compressors 2850 

W^tor-distilling apparatus 200 

Miscellaneous 525 


The temperature of the electrolyzer room should be maintained at least at 15° C, 
In cold weathor it must be heated. 

An^electrolytic hydrogen and oxygen generator of the bell-collector type is de- 
6cribe4,by Benker (f H. C. I., 1914, 256, and French Patent 461,981, Aug. 29, 1913). 
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gen and oxygen are given by Van Scoyoc (U. S. Patent 813,844, Feb. 27, 1906), 
in which the operation is rendered continuous by the use of automatic float-valves. 
The level of the acidulated water in the ’ electrolyzer is maintained constant by 
means of a float- valve in the supply pipe. The two electrodes are placed in two 
compartments which are open at the bottom. Each compartment is divided 
into a lower and an upper chamber, connection between the two being made by 
automatic float-valves. When the pressure of the gases generated in the lower 
chambers becomes great enough to lower the level of the water, tlie valve is opened 
and the gases pass into the other chamber and then into gas bags. 

Aigner’*' charges an alkaline electrolyte into an iron vessel G, Fig. 125, 
in which an iron drum T rotates, the outer surface of the latter being 
amalgamated. 

The upper part of G is dividend into two compartments R and Ri by the j)arti- 
tion aS, which extends downwards nearly to the drum T. The oxygen and hydro- 
gen are led off through separate outlets in the 
cover D. The electrolyte is introduced and with- 
drawn through the opening L. At the anode A 
hydroxyl ions are depolarized, with formation of 
water and gaseous oxygen, the latter escaping into 
the compartment R, while an equivalent quantity 
of sodium ions is depolarized and combines chem- 
ically with amalgam on the surface of the drum 
adjacent to the anode. When this portion of the 
drum comes Ix^low the cathode K hydroxyl ions 
are depolarized with formation of sodium hydrox- 
ide, the sodium being redissolved from amalgam, 
while sodium ions are depolarized with formation 
of sodium hydroxide and gaseous hydrogen. 

The electrodes of the Cowper-Coles 
generator t consist of metallic sheets pro- 
vided with tongues, which project down- pjo, 125 . 

wards at an angle of about 45 degrees with 

the faces of the sheets. These electrodes are placed in separate 
collecting boxes or chambers, the liberated gases being guided into 
the latter by the inclined tongues of metal which project within 
openings in the sides of the chambers. A battery of generators may 
be enclosed in a water jacket and provided with means for keeping 
the solution in each cell at a common level. 

Dansette (French Patent 391,793, Sept. 6, 1907) has devised an arrangement for 
feeding water vapor into the zone of an electric arc produced in a gas-tight electric 
furnace, by passing water through the lower, vertical, carbon tube, which constitutes 
one of the electrodes. The furnace communicates by means of a valve with a reser- 
voir, into which the hydrogen and oxygen produced by dissociation pass. The 
oxygen may ^either be absorbed by a suitable reagent, or the two gases separated by 
diffusion through a porous earthenware vessel. • 

* German Patent 198,626, Nov. 13, 1906. 

4. liiocr; on ion? 
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An cli'ctrolyzcr for tlui production of pure hydrogen and oxygen 
which is suggestive of the Schmidt type has been designed l)y Eycken, 
Leroy and Moritz.* The electrode plates are built up with separating 
diaphragms of asbestos, in the form of a filter-press. Openings in the 
top of each plate form two channels for the escape of the gases. The 
gases are kept at a pressure above that of the atmosphere, rendering 
the danger of accidental mixing remote. The electrodes and dia- 
phragms are kept clean by making the first electrode hollow, and in 
the form of a large reservoir, in which the sediment accumulates and 
from which it may be removed from time to time. This reservoir is 
divided into two parts, into which the gases pass, through the electro- 
lyte, the pressure being maintained constant, and the delivery of the 
gases regulated by two floats and balanced valves. 



Siegfried Barth of Dusscldorf builds ‘‘oxhydrogenerators’' constructed in accord- 
ance with the foregoing system. The parts of the generator are very heavy so that 
durability is insured. The electrode plates are insulated by extra heavy, almost 
uidestru r’ble, diaphragms. A very powerful circulation of the electrolyte over the 
surface of the electrode is obtained, resulting in an efficient removal of the gas 
particles which otherwise would cling to the electrodes for a considerably longer 
period. Great pains have been taken to guard against mixing of the gases so as to 
procure pure products. Caustic soda or potash in distilled water is used as the 
electrolyte. When used uninterruptedly, the cell becomes warm and its output is 
improved, and for intermittent operation a steam-heating arrangement is attached 
to the generator so that it may be heated quickly and brought to full capacity with- 
out loss of time. The ordinary type of this generator is made to deliver both hydro- 
gen and oxygen under a pressure of about 50 to 80 cubic meters water column, but 
special forms are furnished which operate under a pressure of about 4 kilos (8 to 
9 pounds). A generator having an output of 6.6 cubic meters of hydrogen and 3.3 
cubic meters of oxygen per hour, requiring 160 amperes at 250 volts is 4.4 meters 

* French Patent 397,319, Dec. 9, 1908. 
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long, 0.72 meter witl(;, nnd 2.05 meters in height, and weights 6000 kilos; the (^ost 
being $2175. (Fig. 126.)* 

Another apparatus of the filter-press type f is designed especially 
to produce the gases at relatively high pressure without the purity of 
the product being affected. Fig. 127 shows a form of electrode plate 
and Fig. 128 a view of one end of the generator, showing a collecting 
tower with regulator float and a series of plate electrodes. + § 

The electrolytic cell of Tommasini as shown in Fig. 129 contains 
vertical anodes 6 and cathodes in the form of 
inverted U-shaped receptacles 5. The outside 
of these receptacles 5 is covered with an insu- 
lating apron 7 which extends to a point above 
the liquid line, and to a point below the lower 
edge of the cathode 5 proper, so that an over- 
hanging apron 8 is provided. The gases evolved 
at the plates 6 and accumulated in the top of 
the inverted receptacles 5 are conducted off sep- 
arately, the hydrogen passing through the pipe 
12 into the safety device 14. The height of 
water is less in the safety device 14 than in the 
receptacles 5, so that when the 
pressure of the hydrogen gas 
becomes so great as to tend to 
press the fluid out of the cham- 
bers 5 (which would result in 
the mixing of the hydrogen with 
oxygen) the pressure of the hy- 
drogen gas will first press the 
water out of the receptacle 19 
and pass out of slots 20, so as to relieve the pressure in the receptacles 
5. The aprons 8 at the bottom of the compartments 5 also prevent 
mixing of the two gases. 1| 



Fig. 127. 



* A multiple-cell electrolytic generator has been patented by Levin, U. S. Patent 
1,094,728, April 28, 1914, assigned to the International Oxygen Co. 
t Moritz, U. S. Patent 981,102, Jan. 10, 1911. 

t In the generator of L’Oxhydrique Francaise (French Patent 459,967, Sept. 21, 
1912, and addition, June 25, 1913), the discphragm of each element is composed of 
asbestos fabric, which is nipped between two wooden frames. The latter are bored 
BO as to provide conduits for the evolved gases and the electrolyte. The electrodes 
are composed of light sheet iron, grooved or corrugated, so as to possess as much 
active surface as possible. The electrodes may be nickelled on their anode sides. 
The apparatus comprises a series of such elements. 

§ ^e also U. S. Patent Reissue 13,643, Nov. 11, 1913. 

Patent 1,035,060, Aug. 6, 1912. 
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Buffa (Electrician (1900), 40) statoH (hat one of the chief difficulties met with in 
the electroly.siH of water on t.h(' large* scale is the mixing of the oxygen and hydro- 
gen given off at the two electrodes. If, in order to avoid this mixing, a diaphragm 
be introduced, the resistance of the cell increases to suedi an extent that the efficiency 
of the apparatus is seriously reduced. A better method is to use metallic septa; 
these separate the two gases perfectly, and act as intermediate electrodes. Since 
the reduction of voltage, both from the anode to one side of the septum and from 
the other side of the septum to the cathode, is insufficient to cause decomposition 



Fig. 129. 


of the water, liberation of the products of electrolysis docs not occur at either sur- 
face of the metallic septum, but is confimnl to the electrodes proper. In practice, 
iron electrodes in a 11 per cent solution of caustic soda have been found to be most 
convenient and economical. The electrolyte is covered with a film of mineral oil, 
in order to prevent absorption of carbon dioxide from the air. It has been observed 
that the same protective action is afforded by a film of water vapor, which obtains 
when the temperature of the electrode is fairly high; when, however, the temperature 
drops to 10® C. or under, absorption of carbon dioxide takes place rapidly. 

Witii the object of completely preventing admixture of the two 
gases and at the same time keeping the electrical resistance low, 
Vareille arranges the electrodes as shown in Fig. 130. Vertical rows 
of V-shaped troughs arc provided with suitable insulation and serve 
to separate the positive and negative electrodes which are placed on 
opposite sides. The extremities 20 of these troughs are lower than 
the ends of the electrodes 13, so that the bubbles of gas coming from 
the latter cannot mix. The electrodes are both insulated from the 
container.* 

In a modification, the troughs, described above, for the separation of the electrodes 
are replaced by vertical series of elements each of triangular section, and either solid 
or hollow. Each electrode consists of a sheet, with U-shaped pieces bound on each 
aide with rivets. The gases are collected in bells, either stamped out of sheet metal 
or consisting of sheets cut out and folded, and united at the angles by autogenous 
soldering.! 

* French Patent 355,652, June 27, 1905, and U. S. Patent 823,650, June 19, 1906. 

t First addition, Oct. 28, 1908, to French Patent 355,652. 
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Water is made more conductive, according to McCarty (U. S. Patent 73(5, 8G8, 
Aug. 18, 1903), by the addition of tartrate of potassium, tartrate of sodium, or any 
of the citrates or other equivalents, and sulfuric acid. Tlie apparatus (U. S. Patc'nt 
721,068, Feb. 17, 1903) consists of two tanks, connected by a pipe at about half 
their height. Each tank consists of an electrode, so located that tlic upper ends 
are about in a line with the axis of the connecting pipe, through which the current 
passes from one tank to the other. Each of the two tanks has an outlet at the top 
through which the gases generated may be led to suitable holders. 



Another apparatus (McCarty, U. S. Patent 816,355, March 27, 1900) consists 
of two receptacles, each containing one electrode and connected by a conduit near 
the bottom. Each electrode is a plate of platinum coiled upon itself a number of 
times and has a projecting terminal portion directly opposite the end of the conduit. 
In still another type (McCarty, 814,155, March 6; see also 813,105, Fob. 20, 1906) 
the electrolytic cell is divided into two compartments by means of a solid diaphragm, 
which is perforated, short glass tubes being inserted in each perforation. 

The Burdett system * of electrolytic apparatus consists of a varying 
number of generators or units, connected electrically in series. The 
unit, Fig. 131, comprises a container enclosing the electrodes and electro- 
lyte, but the walls of the container do not function as electrodes. It 
is usually mounted on concrete foundations and is insulated both from 
the ground and from the generator proper. The electrodes are ar- 
ranged on the multiple system, there being a number of both positive 
and negative electrodes in each unit. The electrodes are separated 
from each other by a partition of specially-prepared asbestos cloth 
which under fhe conditions of operation is permeable to the solution 
but not to gas. 

• U. 8. Patent to Burdett, 1,086,804, Feb. 10, 1914. 
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A bell or box casting, open at the bottom, is used for housing the 
electrodes and the asbestos diaphragm is stretched across the box 
casting from one side to the other, forming a number of compartments. 
In each of the compartments an electrode is placed running parallel 
to the asbestos curtain or diaphragm. The electrical connections are 
so arranged that commencing with and including the first electrode, 
every other electrode is a cathode, the alternate electrodes being 
anodes. At the top of the container the electrode terminals are joined 
by means of copper bus bars, thus bringing all the anodes to a common 
anode terminal and all of the cathodes to a similar connection. 

The gas generated at the electrodes rises and is collected in the 
separate gas-tight compartments. These compartments are joined 
by two cored gas passages in the bell casting and the gases pass through 
these passages into and through glass indicators and purgers to the 
gas mains. Inserted in each of the service mains is a gas meter, a 
flash-back, and a water purger which removes the water held in sus- 
pension in the gas and at the same time acts as a pressure regulator 
for the generators. Purifiers are usually inserted in each line to 
cleanse the gas. The hydrogen and oxygen are led to their respective 
gasometers and from there are compressed into storage tanks for use. 
By means of controls the compression may be taken care of auto- 
matically.* 

The automatic control feature of the Burdett apparatus is useful. 
By means of electrical regulating devices the entire electrolytic equip- 
ment is under automatic control. It also serves as a safety device, 
preventing over-generation of gas or undue pressure on any parts 
of the apparatus. The compressor, when the collecting gasometer 
reaches a predetermined height, will automatically start, and will 
stop when the gasometer falls to a predetermined level. Electric 
control is provided which will stop the motor of the compressor 
when ihe storage tank pressure reaches a certain point, starting the 
motor when the pressure falls again, and another control is provided 
which will stop the generation of gas when both gasometer and storage 
tank are charged to their full capacity. 

Fig. 132 shows a battery of Burdett generators and Fig. 133 illustrates 
a complete equipment embracing motor-generator, gasometers, storage 
tanks and automatic control devices. 

Each generator operating under a current of 400 amperes will produce in excess 
of 6 cubic feet of hydrogen and one-half this amount of oxygen per hour, or in round 
numbers, 150 cubic feet of hydrogen and 75 cubic feet of oxygen per 24-hour day 

* The author is indebted to Mr. Paul Pleiss for a description of the Burdett 
generator, also for some data on the Garuti and Schuckert cells. 
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with the gas measured at 20° C. and 760 mm. It is desirable to operate the plant 
as continuously as possible and a run of 23 or 24 hours per day is recommended. 

Each cell operating under normal conditions will require, with a solution temper- 
ature of 80° F. about 2 volts for the passage of 400 amperes. Thus each cell requires 
about 800 watts (0.8 kilowatt-hour) [)cr hour to produce about 6 cubic feet of 



Fig. 132. 


hydrogen per hour. The efficiency of the generator is therefore high. If the cell 
generator be artificially heated the consumption of el(*(*tricity may be decreased 
by about 10 per cent with a corresponding increase in the efficienciy of the unit. 
The hydrogen will average in purity 99 per cent or higlier. 



Fig. 133. 


Electrolytic apparatus designed by Hazard-Flamand * is shown in 
Fig. 134. Between the inner and outer electrodes a porous diaphragm 
is inserted and a fluid seal is disposed about both sides of the top of the 

* U. S. Patent 1,003,456, Sept. 19, 1911, assigned to the International Oxygen 
Co. 
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diaphragm and is composed of an outer seal and an inner seal, con- 
sisting of two concentric troughs one within tlu^ other. The elec- 
trolyte is fed into the inner trough, passes to the outer trough and 
is delivered from the latter on both sides of the diaphragm.* 



The 1. 0. C. System (International Oxygen Co.) is a well-standard- 
D,ed method of generating hydrogen and oxygen. The electrolytic 
cell m' d is very simple, an outside view being given in Fig. 135 and a 
diagram in Fig. 136. The iron tank or container serves as the cathode, 
being connected to the negative pole of the electric supply circuit. 
From the cover of this tank is suspended a perforated tank which 
serves as the anode, being connected to the positive pole of the supply 
circuit. It is made of a specially selected low-carbon steel, to pre- 
vent the formation of spongy rust. By means of an asbestos sack, 
suspended from the cover between anode and cathode, two separate 
compartments are formed. At the top these compartments are 
sealed by a hydraulic joint. Through an opening in the cover a solu- 
tion of caustic alkali in distilled water is poured into the hydraulic 

• See also U. S. Patent 646,281, March 27, 1900, to Hazard-Flamand. 
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joint and distributed in the two compartments. The whole cell is 
placed on insulating supports of porcelain. 

The oxygen and hydrogen gases evolved do not pass directly from 
their compartments to the off-take pipes, but first bubble through 
water contained in the two “lanterns’’ on top of the cell. They enable 
the operator to see at a glance how the cell is working. The purity 
of the gases produced is very high. A sample of hydrogen produced 



by thi^ electrolyzer, analyzed by the Conservatoire National des Art 
et Metier in Paris, showed 99.70 per cent hydrogen, the fraction of 
the impurities being so small that they were not examined. 

All that is required for the operation of the cell is the daily addition 
of somewhat over a gallon of distilled water to make up for the quan- 
tity decomposed into hydrogen and oxygen. The daily output is 
approximately 72 cubic feet of oxygen and 144 cubic feet of hydrogen. 
As to the electrical energy requirements a joint test * made in Novem- 
ber, 1910, by the Laboratoire Centrale de TElectricite and the Con- 
servatoire National des Arts et Metier with two unit cells of this type 
of electrolytic cell showed that the production of 1 cubic foot of oxy- 
* Met. and Chem. Eng. (1911), 471. 
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gen and 2 cubic feet of hydrogen requires 0.2797 kilowatt-hour. Re- 
versely I kilowatt-hour produces 3.54 cubic feet of oxygen and 7 cubic 
feet of hydrogen. Each unit cell requires a little above 2 volts and 
from 300 to 400 amperes. A current of 350 amperes produces about 
65 cubic feet of oxygen and 130 cubic feet of hydrogen per day. 



Fro, 138. 


The following table gives the results of a test recently made by the Klcctrical 
Testing Laboratories of New York for the International Oxygen Co. 


Cell No. 

Average 

am- 

peres 

Average 

volts 

Average 

watts 

Maximum 

temp. 

Puritv of 
oxygen 

Cubic feet 
per hour 

Cubic feet per 
kilowatt-hour 

Oxy- 

gen 

Hydro- 

gen 

Oxy- 

gen 

Hydro- 

gen 

8 

405.1 

2 388 

967 

31.8'’ C. 

97.73% 

3.247 

6 184 

3.358 

6.395 

14 

405.0 

2.562 

1038 

30.0'’ C. 

98.67% 

3.239 


3.120 


66 

368. S 

2.826 

1042 

32.0'’ C. 

98.46% 

2.886 

5.788 

2.770 

5.555 

70 

^392.0 

2.660 

1043 

26.5'’ C. 

98.50% 

3.082 

6.254 

2.955 

5.900 

Average 

392.7 

2.609 

1022 

30.1'’ C. 

98 .'34% j 

3.114 

6.075 

3.051 

5.950 
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The four cells tested were selected as being representative of the entire battery 
after taking a set of preliminary electrical measurements on each of the cells. 

All of the data given herewith are from readings as actually observed and cor- 
rected for instrument errors. Gas volumes are corrected for moisture and calculated 
to 20° C. and 760 mm. 



Fig. 139. 

The main item of operating expense is the cost for the electric current. In New 
York City the wholesale rates are higher than in many other large cities and vary from 
5 to 3 cents per kilowatt-hour, according to the size of the plant; since 1 kilowatt- 
hour produces about 3 cubic feet of oxygen and 6 cubic feet of hydrogen, the electric 
power cost for producing 1000 cubic feet of oxygen and at the same time 2000 cubic 
feet of hydrogen would be between $16.70 and $10.00. However, in large manu- 
facturing plants which have their own power houses the cost of energy is much 
less; thus it is known that at the South Chicago works of the U. S. Steel Corporation 
the electrical energy supplied to the electric furnaces is charged at the rate of half 
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a cent per kilowatt-hour. At this rate the electric power cost for producing 1000 
cubic feet of oxygen and 2000 cubic feet of hydrogen would be $1.67. 

Besides the electric power cost there is the cost for distilled water and for attend- 
ance. The latter is a small item, and the cost for the distilled water which must be 
added to the cells to make up for the water electrolyzed may be calculated from 
the fact that a little over 6 gallons of distilled water are required to produce 1000 
cubic feet of hydrogen. 

One of the objections advanced against the electrolytic system is 
the relatively large floor space which it occupies, and to obtain an 
apparatus of a durable yet compact character the author has designed 
a generator having T-shaped ribs on both anode and cathode, afford- 
ing a large generating surface without excessive bulk. Fig. 138 shows 
a form of anode and Fig. 139 the assembled generator.* 

A description of the Bettendorf, Iowa, Plant is given f as a typical electrolytic 
oxyhydrogen plant. Fifty generating ceils are connect, ed in series across a 1 10- volt 
direct current line, each cell requiring 400 amperes at 2.2 volts and producing 
about 3.5 cu. ft. of oxygen and 7 cu. ft. of hydrogen per kilowatt hour. Die output 
per twenty-four hour day is 4000 cu. ft. of oxygen and 8000 cu. ft. of hydrogen. 
The oxygen is 99.5 per cent and the hydrogen 99.9 per cent pure. The gases are 
stored in large tanka and for shipment they are compressed at 1800 lb. per square 
inch into 100 or 200 cu. ft. steel cylinders. The current for the cells is obtained by 
means of a motor generator set: 440-volt 3-phasc, 60-cycle induction motor con- 
nected to a 50-kilowatt shunt wound, commutating pole generator. A 20 horse- 
power boiler furnishes distilled water for the cells. 

An electrolytic oxygen and hydrogen plant put into operation f by the National 
Ox-Hydric Co., of Chicago, at the works of the Fore River Shipbuilding Corporation, 
Quincy, Mass., is simple to operate, requiring the attention of only one man to a 
shift, the plant being run continuously by three men in three eight-hour shifts. 
The plant consists of a 75-horse-power Bes.seiner crude-oil engine, belt-connected 
to a 45-kilowatt direct-current generator; one of the National Ox-Hydric Co.’s 
electrolyzers, producing 3500 cu. ft. of oxygen per twenty-four hours and twice that 
amount of hydrogen; suitable gasometers, compressors, motors, and switchboards 
for control. The oxygen and hydrogen, after being produced from the electrolyzer, 
pass into steel gasometers of 2000 cu. ft. capacity each. The National electrolyzer 
is of the improved filter-press type and consists of a number of decomposition cham- 
bers connected in series. These chambers are formed by clamping together a 
series of cast-iron electrodes so recessed and grooved that each plate forms, with 
its neighbor, a chamber which holds the electrolyte, and in which the generation of 
the gases takes place. The electrodes are insulated one from the other by means of 
rubber-bound asbestos diaphragms. The electrodes and diaphragms are arranged 
alternately and are supported by the insulated frame of the filter press. The required 
number of electrodes and diaphragms with the corresponding end plates are then 
pressed tightly together by means of a heavy s(Tew standard, thus making the whole 
equipment form a hermetically sealed tank, the diaphragms serving both as an 
insulation ^nd gasket, and serve to form the sides of the cells, preventing mixture of 

♦ U. S. Patent 1,087,937, Feb. 24, 1914. 
t Elec. Rev. West. Elec., 66, 1170, 1915; Chem. Abs., 1915, 2189. 
t Mtot. Chem, Eng., 1916, 288, 
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the two gases generated. The fact that the electrodes are thus separated by the 
diaphragms causes one side of the plate to act as the anode of one chamber and the 
other side as the cathode of the adjacent chamber. The electrodes are composed 
of a special alloy, and are heavily coated with nickel, which prevents the formation 
of deposits or the oxidation of the electrodes themselves. The electrolyzers are 
designed for any standard direct current circuit, or with the use of a motor-generator 
set, for any of the standard alternating current circuits, thus doing away with the 
ineffic.ient low voltage, high amperage equipment necessary with the individual-cell 
type installation. These electrolyzers are stated to occupy about one-fifth the 
floor space required by the individual cell type. The electrodes themselves are 
made with corrugated surfaces, increasing the active electrode surface and forming 
a large number of very small vertical channels through which the gases rise freely 
to the upper part of the plates. At the top of each electrode and hermetically 
sealed together are chambers in which the gases are separated from the electrolyte. 
From these chambers the gases pass off into ducts extending through each plate, 
these ducts forming continuous conduits, owing to the manner in which the plates 
are assembled. The electrolyte is a 21 per cent solution of pure caustic potash in 
distilled water. After the electrolyzers are once filled with this solution, distilled 
water is added from time to time to take the place of the water decomposed; the 
potash lasts many months. The distilled water is fed to the electrolyzer by an 
automatic device which maintains a constant level of the electrolyte throughout 
I he machine. Under normal load conditions, the voltage required per cell is two 
volts or less. Therefore, to operate on a 110-volt circuit an electrolyzer containing 
55 cells is necessary; and on the same basis, 110 cells are necessary for a 220-volt 
circuit. The positive pole of the direct-current dynamo is connected with the first 
electrode in the scries, and the negative pole is connected to the last t^lectrode of the 
series. The apparatus is provided with one collector for hydrogen and one for oxy- 
gen, whereas, the individual-cell type system must have a separate draw-off, or 
collector, for each cell in use. Assuming continuous operation and normal load 
conditions as specified, the electrolyzers yield 4 cu. ft. of oxygen and 8 cu. ft. of 
hydrogen at atmospheric pressure per kilowatt hour of power consumed when the 
plant is operated at a temperature of 68® F. 

The International Oxygen Company has developed a new style 
oxygen and hydrogen generator of the filter press type under the name 
of the I.f' 0. bipolar generator.* See Figs. 139a, 1395 and 139c. 

The unit type of generator produces 3.2 cu. ft. of oxygen and 6.4 cu. ft. of hydrogen 
per clock hour and 4 cu. ft. of oxygen and 8 cu. ft. of hydrogen per kilowatt hour. 

The I.O.C. Bipolar Generator consists of a series of metallic plates (electrodes) 
clamped together in a heavy frame, electrically insulated from one another and sep- 
arated by diaphragms of porous fabric. Each pair of these electrodes forms a closed 
cell, divided by the diaphragm. These cells are filled with an alkaline electrolyte 
(caustic potash or soda). An electric current admitted at one end plate passes on 
through the plates and the solution to the other end plate. In its passage, it de- 
composes the water in the solution into the two gases — oxygen and hydrogen which 
are released on opposite sides of each plate and emerge upward into the gas offtakes. 

* Levin; U. S. Patent No. 1,094,728; French Patent No. 467,945, Jan. 31, 1914; Brit- 
ish Patent No. 3,654, Feb. 12, 1914; Met. Chem. Eng., 1916, 108; U. S. Patent No. 1,199,- 
472. 
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The mingling of the oxygen and hydrogen in each cell or compartment is prevented 
by the diaphragm which, as the gases are released and withdrawn, the solution is 
automatically replenished from a supply tank. The operation is continuous so long 
as current and electrolyte are supplied. In the smaller type of generator, the elec- 
trodes are carried on two steel rods supported on two heavy end pieces or pedestals 
of cast iron. In the larger generator, the side rods are replaced by steel bars. The 
construction is one of extreme rigidity, absolutely i)roof against, any distortion and 
consequent disarrangement of electrodes, with resultant leakage. The electrodes 
are clamped together by a heavy screw working in the rear support. A ball thrust 
bearing is interposed between the end of the clamping screw and the rear end plate, 
contributing to the tightness of the generator by doing away with the tendency of 
the electrodes to “ ride up " from the side bars under screw pressure. The elec- 



Fig. 139a. 

trodes are of a special design,* the anode side being heavily nickeled, while the 
cathode side is of commercially pure iron. The surfaces of the electrodes carry ver- 
tical corrugations which are interrupted by a large number of depressions to facilitate 
the flow of electrolyte into the cell and the release of the gases from it. At top and 
bottom of each electrode are two openings communicating by a cored channel 
with opposite sides of the plate. Those at the bottom are for the water intake and 
those at the top are for the gas offtake. Each half of each cell (separated by the 
diaphragm) has its own independent water intake and gas outlet, so that there can 
be no possibility of the two gases mingling through these channels. Any gas leakage 
which may occur between the electrodes escapes to the open air and not into the 
adjacent cell or into the gas offtakes. The diaphragms are of especially prepared 
asbestos fabric. All around the edge of this fabric is moulded a packing rim of pure 
rubber which rests in a recessed groove on the face of the electrode. 

In a generator of this kind, an essential of power economy is that all the current 

♦ U. S. Patent to Levin, No. 1,153,168. 
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supplied the machine shall pass through the electrolyte and none of it be by-passed 
through the metal of the machine or through the water inlets and gas outlets. The 
electrodes are insulated from the side bars of the frames by porcelain insulators. 
The electrodes are insulated from one another by the pure rubber packing rim 
surrounding the diaphragm, and by nipples of pure rubber inserted in the water 
intake and gas offtake shoulders of the electrodes. These nipples, when the appa- 
ratus is closed, meet one another and not only insulate the electrode shoulders but 



Fig. 13%. 

also provide an insulating tube in the interior of the water intakes and gas offtakes. 
The gases rising from the electrodes and entering the gas offtakes, carry with them 
a small percentage of the eleotrolyte which, if allowed to enter the external piping 
system, would “ ground ” the apparatus and permit the escape of current. To 
guard against this contingency, there is provided in the gas offtake system insu- 
lating pipe sections, each consisting of two sections of heavy glass tube ctamped 
between iron flanges and so devised as to intercept and drain off through an insu- 
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lating connection the moisture entrained in the gases. The gases go through these 
insulators substantially dry and free from electrolyte. The nickel anode and iron 
cathode have been found to materially facilitate the electrolysis, and to lower the 
over-voltage. Incidentally, these bi-metallic electrodes prevent the formation of 
rust and oxides which would shorten the life of the apparatus. The design of the 
generator is such as to retain within the apparatus most of the heat produced as a 
result of the resistance to the flow of electricity. This keeps the electrolyte and 
the electrodes at a comparatively high tcmf)erature, which adds to the efficjoiicy of 
the electrolytic process. On the front of the generator are two tanks with glass 
water-level indicators, which carry the solution. Pipes descend from these tanks 



Pig. 139c. 

to a water-feed manifold which branches into two pipes connecting independently 
to the two water intakes to the cells and also into two risers leading to two inde- 
pendent gas domes above. Into these domes, the oxygen and hydrogen are sepa- 
rately discharged as generated, the gas offtakes opening through an inverted “ U " 
below the fluid level. The proper fluid level is automatically maintained through- 
out the system. The two independent water intakes to either side of each elec- 
trode prevent mingling of oxygen and hydrogen through the water supply. The 
t^o gas off-takes discharge into the two independent gas domes already referred to, 
the gas emerging below the fluid surface through an inverted “ U.” The pressure 
on both gases, clear back to the individual cells, is the same — this being controlled 
by the. hydrostatic head in the domes through which the gases pass. The gases 
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escaping from the gas offtakes rise through the fluid in the gas domes and pass out 
through discharge pipes at the top of the domes — thence downward to purgers on 
either side. These purgers are closed boxes of cast iron filled with water to a certain 
level. The gases escape below the surface of the water, and pass upward through 
it into the supply lines to the gas holders. The function of these purgers is to catch 
any entrained electrolyte in the gas, to cool the gas, and to act as a water-check- 
valve protecting the pressure system of the generator from any undue pressure of 
the gasholders. A signal whistle is provided which gives notice when the level of 
the solution in the generator falls below the prescribed level. Glass sight-feed indi- 
cators on the solution tank and gas domes show the fluid levels and reveal the gene- 
ration of the gases. Gauge glasses connecting with the electrodes at intervals along 
the generator show the fluid levels in the body of the apparatus. 

Shriver * recommends an apparatus composed of several flat plates, 
forming the electrodes, bound face to face to form a cell of the filter- 
press type, each of the plates being recessed centrally to form a cell 
between the faces. A diaphragm is arranged between each pair 
of plates to separate the gases formed on the faces of adjacent plates, 
the gases being led from the recessed portions to closed gas chambers 
above, through ducts in walls separating the chambers and recesses. 
The gases are conveyed from the gas chambers to horizontal ducts 
extending through non-recessed parts of the plates from face to face, 
so that the recessed portions may be completely filled with liquid to a 
level normally higher than the horizontal ducts, without fear of the 
electrolyte entering the gas ducts, f 

An illustrated description of the Oerlikon (Schmidt) electrolyzer for 
the commercial production of oxygen and hydrogen is given in Elec- 
trochem. Z., 22, 27-42, 1915; Chem. Abs., 1915, 2190. 

An electrolytic apparatus, of the filter-press type, designed by Dolimen,t is 
composed of a series of cells, each comprising a thin quadrilateral wrought-iron 
frame having a single central opening, and with two passages through the top of 
the frame. A detachable sheet metal electrode is secured in the opening of the 
.frame, and fue top of the latter is also provided with two gas-separating chambers 
one at each end. The chambers extend laterally in a downward direction to the 
active faces of the electrodes for conducting the gases from opposite sides to the two 
passages. 

A hydrogen generator of the unit or sectional type placed on the 
market by the International Oxygen Company offers advantages as 
regards compactness, high efficiency, low cost and flexibility. Fig. 139d 
shows a single section or unit and Fig. 1396 indicates the method of 
assembling the sections. 

Although of the single unit type, the cell is but ^ in. thick and in 

* U. S. Patent No. 1,181,549; J. S. C. I., 1916, 1023. 
t See alao U. S. Patent No. 1,239.530, Sept. 11, 1917; J. S. C. I., 1917, 1138. 
t U. S. Patent No. 1,211,687, Jan. 9, 1917; J. S. C. I., 1917, 296. 
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consequence 100 cells can be stacked in a lenglbwise space of less than 
30 ft. The cells arc approximately 3 ft. 0 in. wide and as installed are 
not in excess of 6 ft. high. They occupy less space than the filter press 
type. These unit cells when operating at their normal current of 600 



Fig. 139d 


amperes will produce 4.8 cu. ft. of oxygen and 9.6 cu. ft. of hydrogen 
per clock hour. They require 2.22 volts per cell which establishes a 
KWH. dficiency of 3.65 cu. ft. of oxygen. When operated at a current 
leas than 600 amperes the electrical efficiency is considerably increased 
h# the capacity is decreased and when operated in excess of 600 am- 
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peres there is an increase in capacity but a slight falling off in electrical 
efficiency; 600 amperes has, therefore, bocai adopted as a compromise 
between initial cost of installation and operating cost. 

As indicating the fiexibihty of this equipment there is tabulated 



Fig. 139c. 

below, the approximate performance at currents up to as high as 1000 
amperes. 


Current. | 

1 Volta per Cell. 

Cu.ft. Oxygen 
per Hour. 

Cu ft. Hydrogen 
per Hour. 

Cu.ft. Oxygen | 
per KWH. 

Cu.ft. Hydrogen 
per KWH. 

300 

■ 1.94 

2.4 

4.8 

4.17 

8.34 

400 

2.04 

3.2 

6.4 

3.97 

7.94 

600 

2.13 

4.0 

8.0 

3.80 

7.60 

600 

2.22 

4.8 

9.6 

3.65 

7.30 

800 

2.38 

6.4 

12.8 

3.40 

6.80 

1000 

2.54 

8.0 

16.0 

3.16 

6 32 


An electrolytic hydrogen and oxygen generator with cobalt as the 
active anode element and iron as the cathode has been developed by 

Levin.* 

♦Met. Chem. Eng., 1917, 401; U. S. Patent No. 1,214,934, Feb. C, 1917; British 
Patent No. 102,933 and No. 108,477, application date Oct. 27, 1916. 
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The generator unit consists of a rectangular thin iron plate casing of small 
height, long and narrow. Any number of these may be joined together to form a 
complete generator. The iron casing is divided into two parts by an asbestos dia- 
phragm, suspended from an impermeable partition which reaches about one-fourth 
of the way down into the cell from the top. An electrode is placed in each com- 
partment formed by the diaphragm. The partition in the upper part of the cell 
prevents the combination of oxygen and hydrogen after these gases have been 
generated and have risen separately to the top of the cell, being prevented from mix- 
ing by the diaphragm. Suitable means are provided for carrying away the gases, 
filling the generators with electrolyte, etc. The anode is made of iron, electroplated 
w,ith a thin film of cobalt, and the cathode is of iron, preferably electrolytic. The 
electrodes are given a previous treatment by making them the anode in a solution of 
a salt of the active surface metal, and electrolyzing for a brief period. This is claimed 
to give greater efficiency in operation. 

An electrolytic gas generator devised by Levin * is provided with electrodes 
entirely independent of the container or casing. The casing is divided into three 
compartments, in each of which an electrode is located. The cell is of the sectional 
type so that a number of units may be assenjbled in a compact manner. The elec- 
trode compartment of the generator has a gas outlet which is sealed with water, 
and through which water is supplied to the compartment, from a chamber above. 
The water chamber is provided with a gas outlet and a water-supply conduit, t 

A form of Levin generator, made by the Electrolytic Oxy-Hydrogen 
Laboratories, Inc. (Electrolabs) J is compact and simple in construction, 
being built of a few standardized parts which can be rapidly and ac- 
curately assembled. The generator consists of three compartments. 
The oxygen is generated in the two outer compartments and the hydro- 
gen in the center compartment. Two sheet-metal frames, to each of 
which is attached an asbestos diaphragm, serve as the separating 
mediums. The electrodes are independent of the casing. They are 
separated from and securely fixed within the casing by specially 
designed blocks of asbestos. The surfaces of both the anode and 
cathode are plated. The use of cobalt for such purpose is one of the 
features of this generator. Each compartment has an independent 
water feed which also serves the purpose of a blow-off device to vent 
the gas from each compartment under abnormal conditions. A spe- 
cially designed sight-feed indicator is placed between the generator 
and the gas offtake pipe. Each indicator makes the generating unit 
to which it is attached independent of all the other generators in the 
group. It further serves to keep uniform the pressure of the oxygen 
and hydrogen inside the individual generator. It also enables one to 

♦ U. S. Patent No. 1,219,966, Mar. 20, 1917. 

tSee also U. 8. Patent No. 1,247 694, Nov. 27, 1917; and 1,199,472, Sept. 26, 1916, 
to Levin; Chem. Abs., 1918,253; Canadian Patent No. 175,807, Mar. 20, 1917; Chem. 
Abs., 1917, 3001. 

X 15 William Street, New York City. 
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Anode Compartment, 


Asbestos Diaphram. 
Fia. 139^. 


Cathode Compartment. 
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see at a glance whether the gases are being generated properly. The 
generator is delivered entirely welded and 
completely and rigidly assembled. The 
dimensions of the unit are 30X25X6} in. 
The construction is shown by Figs. 139/ 
and 139fif. F’ig. 139/?. shows the assembled 
unit and P"ig. 139i is a group of generators. 

In a day of twenty-four hours this form 
of Levin generator at 200 amperes will 
produce 38.4 cu. ft. of oxygen and 76.8 
cu. ft. of hydrogen, measured at 20° C. and 
760 mm. pressure. A battery of 100 gen- 
erators will occupy a space 31 ft. long by 
4 ft. 6 in. wide and will produce. 

In 1 hour 

160 cu. ft. oxygen 
320 cu. ft. hydrogen 
In 24 hours. 

3840 cu. ft oxygen 
7680 cu. ft. hydrogen 

Each generator running at 200 amperes 
requires slightly over ^ kilowatt per hour. 



Fig. 139A 



Pig. 139i.— Electrolabs (Levin) Generators. 
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In a space 31 ft. X 4 ft. 6 in. and with a normal room height (10 to 
12 ft.) 200 Levin generators can be installed in two tiers. 

Griffin^s apparatus for generating hydrogen and oxygen by electroly- 
sis * consists of a cell and a plate of conducting material depending into 
water of each cell. This plate is bent just above the cell and is attached 
to the adjoining cell, thus making a continuous flow of current from 
one cell to the next. The plate is enclosed in a sack of asbestos to 
separate the oxygen and hydrogen. The asbestos sack may be spaced 
from the plate by some insulating material to insure a complete separa- 
tion of the gases. (See Fig. 139j.) 

Kato states that in the electrolytic preparation of hydrogen and 
oxygen, t the diaphragms used in the commercial apparatus do not keep 



these gases completely separate, as shown by diffusion data given. Kato 
finds that pure gases can be technically prepared without the use of a 
diaphraean. Special electrodes are employed which have an inclined 
active surface to which the generated gas adheres by reason of its 
buoyancy and accordingly does not diffuse into the solution. 

Halter has devised an electrolytic cell J (see Fig. 139A:) for the produc- 
tion of oxygen and hydrogen in which a tank, acting as the cathode, is 
provided with a cover, from which the anode constructed of wires 
united in the form of a hollow body, is suspended in the electrolyte. 

A separator, of porcelain or other non-conducting and oxygen-resisting material, 
is supported over the anode with its sides extending below the surface of the elec- 
trolyte, and the closed top is provided with an oxygen outlet. An asbestos sack 
is secured to and suspend^ from the separator, enclosing the anode below the sur- 

♦U. S. Patent No. 1,117,185, Nov. 17, 1914. 

t J. Chem. Ind. Japan, 18, 919, 1916; Chem. Abs., 1916, 561. 

X U. S. Patent No. 1,172,885 and 1,172,887; J. S. C. L, 1916, 476. 
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face of the liquid, the separator and sa(;k constitutinp; a complete non-conducting 
enclosure for the anode. Means arc provided for conducting off the hydrogen from 
the space beneath the cover of the sei)arator. The tank is made in the form of a 
narrow upright chamber, with a partition dividing the interior of the tank into nar- 
row vertically arranged compartments, the partition and walls of the tank forming 
the cathode. Each anode is formed from spaced perforated sheet-metal plates, 
arranged so as to have a hollow oblong form in horizontal section, with curved 



Fig. 139Z. Fig. 139w. 


ends and bottom, and secured at its upper edges to a horizontal conducting bar 
supported from the cover of the tank. A separator of non-conducting material, 
with attached sack enclosing the anode, is inverted over each anode and disfiosed 
lengthwise in the chamber. The partition is formed from two plates, back to back, 
with their end portions curved apart and around the ends of the anodes. 

The Davis-Bournonville Company * system of hydrogen and oxygen 
generation embraces an electrolyzer of a compact type, shown in 
^ . ♦ Jersey City, N. J. 
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Fig. 139L The electrodes of this apparatus are of sheet metal, the 
anodes being nickeled.* An alkaline electrolyte is used. The elec- 
trolyzers are made in two sizes, 500 and 1000 amperes, with a hydro- 



Ficj. — Swarthy Separator. 


gen output of 7.92 and 15.84 cu. ft., respectively. The apparatus is 
resembled by the makers and is shipped ready for immediate use. 
Fig. VS9m shows an anode of a 1000 ampere electrolyzer. A Swartley 



Fig. 139o. 


hard-rubber separator f (Fig. 139n) is shown at the base of the anode. 
The separator is an inverted trough-shaped structure wliich is disposed 

* Swartley, U. S. Patent No. 1,203,959, April 23. 1918. 
t U. S. Patent No. 1,170,105, Mar. 21, 1910. 
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over each anode member and extends a short distance below the surface 
of the electrolyte. The separator supports an asbestos sack which covers 
the anode member and serves to confine the oxygen. The container 
and partition, Fig. 139o, constitute the cathode element. Fig. 139p 



Fig. 139p.— Assembling the Anode Parts. 


shows the method of assembling of anodes on the cast-iron electrolyzer 
cover, one anode being enclosed in an asbestos sack. Fig. 139g shows 
a typical arrangement of fifty of the 500 ampere electrolyzers.* 

• Thin type of apparatus is made under the Bucknam Patent No. 1,172,932, Feb. 22, 
1916. A description of the Davis-Bournonville equipment is found in Oxy-Acetylene 
Welding by MiUer, New York, 1916, 30. 
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System of Automai’ic Control 

The control of the electric current employed in electrolysis of water 
to produce oxygen and hydrogen is of importance. Precautions must 
be taken against the discharge of current in a reverse direction from the 
electrolyzers through the generator. This condition, if allowed to 
n.cvelop, may result in reversal of the source of energy and consequent 
reverse functioning of the electrolyzers with the attendant mixing of 
gases. There is also to be observed the prevention of improper con- 
nection of terminals at the bank of electrolyzers during or after over- 
hauling or for other reasons. The Davis-Boumonville Company has 
developed an electrolyzer control which is designed to prevent reversal 
of current direction through cutting off the source of supply auto- 
matically. 

Fig. 139r shows, in a general manner, the electrical connections and methods of 
control. Fig. 139« shows the equipment assembled on a panel. The necessary indi- 
cating volt and ammeters C and D, respectively, are mounted on each panel of this 
design; also, the necessary instruments for the automatic control of the electrolyzing 
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circuit. The generator A is the source of electrical energy for the electrolyzers and 
its field regulator B is also mounted upon this panel.* 

The electrolyzer current proper, //, is controlled solely through the magnetic 
contactor F, the magnetic coil of which is wound for operation across the inde- 
pendent supply mains (?. This independent supply main can be either alternating 



Fig, 139r. 


or direct current of any voltage. This independent circuit G is controlled at three 
separate and distinct points, as follows: 

Ist— Potential Relay E, 

2d — Contactor Pilot Switch, hand reset, 7, 

3d — Overload Relay, hand reset M. 

The potential relay E is set to lift at a predetermined operating or charging voltage, 
thereby completing the electric circuit, which will throw into play the magnetic 
contactor F. This means that with the contactor pilot switch J, held closed and 
the overload relay closed, not until the generator will have reached the predeter- 
mined charging voltage will the potential relay close the independent circuit from 
the power lines. It will be noted that it is impossible to pass electrical energy 
through the electrolyzers until the generator attains the charging voltage. 

If, for any reason, during operation the generator voltage should drop below the 
charging voltage, the potential relay E will automatically drop out, opening the 
magnetic contactor, thereby breaking the electrolyzing circuit. This method of 
control entirely prevents the electrolyzers from discharging to the generator A, with 
the consequent possibility of polarity changes, if, through error or deliberately revers- 
ing electrical connections, the direction of flow of electrical current is changed. The 
smallest fraction of a reversed current through the shunt N brings the polarized 
relay into play, breaking the contact in the contactor switch J which, in turn, 
breaks the current through the coil of the potential relay E, thereby releasing the 
connection 0 and breaking the circuit (?, which drops out the magnetic contactor 

♦ U. 8. Patent No. 1,201,526, Oct. 17, 1916, to Swartley and Larsen. 
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F which interrupts the main electric circuit to the electrolyzers. This makes it 
al)solutoly impossil)le to ()[)erate on a reverse polarity. 

The overload relay is manually operated and is calibrated slij^htly in excess of 
the normal operating amperage. In case of dl)ening of the circuit, due to overload, 



Fig. 139 «. 


it will be noted that the overload relay M will have to be reset by hand before 
the electrolyzing circuit can again be established. 

Under normal operating conditions the ground detector lights Q will glow slightly 
but in case of a ground on one or both legs of the electrolyzing circuit, either or both 
of the lamps will glow brilliantly, showing the ground to exist. 
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Jones * has designed an electrolytic cell for the production of hydro- 
gen and oxygen. The apparatus is provided with a number of elec- 
trodes, and a diaphragm between adjoining electrodes forms chambers 
for the separation of the evolved gases, with gas ducts leading from them 
and separate conduits connected with the gas ducts. The electrolyte 
is conveyed to the several chan^bers by supply ducts connected to a 
supply conduit, the various conduits being located beyond the elec- 
trodes, and so arranged as to be outside the path of the electric current 
through the apparatus. A simple form of electrolytic cell for the pro- 
duction of oxygen and hydrogen is proposed by Shaw.f The positive 
electrode is readily removable without disturbing the other parts. 
Hepburn t has designed a bipolar electrode generator. § 

Jaubert || recommends a type of electrolytic hydrogen generator having elec- 
trodes covered by bells brought near to each other to diminish t he resistanc^e. The 
active surface of each electrode projecting below the lower level of the bell is inversely 
proportional to the volume of gas liberated at each electrode, while the volume of 
each bell is directly proportional to the volume of gas 
liberated. The bells arc provided with cocks, or outlet 
collectors for the gases, and with insulated sleeves for the 
cables connected to the electrodes. 

Mueller and Rowlands 11 describe a water 
electrolyzing apparatus made as follows: 

A tank (Fig. 139/) is made in tv^o sections, a lower 
and an upfier f.ection, electrically separated by an insulat- 
ing joint formed by a trough extending around the top 
of the lower section and containing a U-shaped insulating 
gasket of soft rubber which forms a cushion and also a 
hermetic seal. A liquefiable insulator such as paraffin 
filling the upper portion of the trough further insures a 
tight joint Ijetween the sections. ITie lower edge of the 
upper section rests in the groove of the gasket. The in- 
terior of the lower section is divided by longitudinal webs 
parallel with the side walls, into equal-sized cellular spaces 
which are open at top and bottom, these webs extending 
Fig. 139f. only from the upper edge of the section to the top of the 

enlarged base. The webs are perfoi:i9,ted at intervals with 
holes. The anodes (three in number) are disposed in the spaces between the webs 
and side walls of the section thus exposing a double surface to tI:o electric current 

♦ U. S. Patent No. 1,21I?.229, Jan. 16, 1917; J. S. C. I., 1916, ,391. 

tU. S. Patent No. 1,208,722, Dec. 12, 1916. 

t British Patent No. 12,730, 1915; U. S. Patent No. 1,213,871, Jan. 30, 1917; J. S. C. I., 
1916, 1120. 

§ A description of the Frazer Generator is found in U. S. Patent No. 1,262,034, April 
9, 1918. 

II British Patent No. 102,974, Dec. 28, 1916; J. S. C. L, 1917, 602. Sec also U. S. 
Patent No. 1,255.096. Jan. 29. 1918. 

a Patent No. 1,220,262, Mar. 27, 1917. 
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for each anode, and hang in diaphragms of woven asbestos. The lower section is 
the negative electrode, while the upper section is insulated from both electrodes and 
is designated the neutral section. The anodes are suspended from the cover which in 
turn rests upon the neutral section but is insulated therefrom by means of a grid- 
shaped rubber gasket. To insure gas-tight joints between the hydrogen and oxygen 
chamber, and for sealing both chaml^ers from the outer air, the neutral section is 
provided with a series of parallel inner troughs for the former, and for the latter is 
provided with an encompassing outer trough in which the depending marginal flange 
of the cover is sealed by paraffine wax or pitch. The diaphragms each consist of 
two parts, the diaphragm proper and a hanger. The hanger is made of thin sheet 
metal, and obviates the necessity of rendering gas-impermeable that portion of the 
diaphragm which extends above the liquid level. It is tubular in form, of the same 
cross-section as the diaphragm and of sufficient length to extend below the liquid level. 
It is formed at its ujipor end with an outwardly and downwardly projecting flange of 
jiroper form to fit. into the sealing trough which extends continuously around each 
hanger. Th(‘ cell represents a highly elaborated form of water electrolyzing apparatus 
t he compl(‘t(; ihd.ails of which (rannot be pre.sentcd here. Another form of apparatus 
designed by Mueller and Rowlands * consists of a deep metal tank divided into 
communicating compartments by v(‘rtical partitions which form, with the sides, a 
series of electrodes of the same polarity. The tank has an arched metal cover 
from which depend a numlxu- of metal ])lates, one nearly to the bottom of each 
coMpartment, forming a corresponding series of electrodes of opposite jiolarity. 
d'he cover is insulatc'd from th(‘ tank by a diajihragm through openings in which 
tb(' metal jilates extend; and (‘aeh jilatc is surrounded by a tube of fle.xible, non- 
corrodible mab'rial f 

According to Sebilk^T hydrogen and oxygen are generated electrolytically, then 
cool, d as they pass from the generator into .separate containers, the condensed 
moisture being led back into the gem^rator. A diaphragm is so arranged, containing 
chambers through which the gjxses jiass on their way to their res])ective containers, 
that a predetermined difference of pres.sure on one side of the system causes the 
diaphragm to close the gas ent.ranc(^ to the ojiiiosite container, until a balancing 
])ressure has again been raised on that side. By means of a body of water the 
gases arc aut,omatically compre.ssed to a pressure higher than that originally gen- 
erated. Sebilk* § also describes a system of gas storage chambers having automat- 
ically-controlled valves regulating the flow of gases. 

\ method for the electrolysis of water to produce hydrogen forms the basis of 
Japanese i atent 30,437 of Dec. 4, 1916, by the Yokohama Fish Oil Co. || The appa- 
ratus is provided with means for collecting hydrogen and oxygen completely sep- 
arated from each other. 

In a form of electrolytic cell for obtaining hydrogen and oxygen, described by 
Churchill & Co., and Geeraerd,^ a vertical series of inclined non-conducting vanes 
are arranged close to the electrodes to confine gas flow to the space between the 
vanes and the electrodes. 

♦ U. S. Patent No. 1,219,843, Mar. 30, 1917. 

t See also U. S. Patent No. 1,221,206, Apr. 3, 1917. 

t U. S. Patent No. 1,230,803, June 19, 1917. 

§U. S. Patent No. 1,222,809, Apr. 17, 1917; also describes a system of gas storage 
chambers having automatically controlled valves regulating the flow of gases. 

II Chem. Abs., 1917, 1932. 

^ British Patent No. 101,598, May 11, 1916; Chem. Abs., 1917, 122. 



CHAPTER XXVII 


PRECAUTIONS IN HANDLING HYDROGEN. SAFETY 
DEVICES. PURIFICATION OF GAS 

The handling of electrolytically-derived gases brings with it the 
possibility of explosions due to accidental mixing of the two gases, 
and to guard against serious results, at frequent intervals in the con- 
nections of the apparatus and service pipes, safety devices should be 
inserted. 

The common form of safety device is the wire-gauze arrangement 
of Sir Humphrey Davy. It usually consists of a roll of wire gauze or 
a number of disks of gauze inserted in the pipe connections. Such 
arrangements sometimes will check the progress of an explosion tem- 
porarily or completely, but as a rule when an explosion wave passes 
along the pipe in which the wire gauze is placed, although checked 
temporarily by the wire-gauze obstruction, it soon heats the latter to 
the ignition point. Thus the gas on the other side of the gauze is 
ignited and the explosion wave continues on its course. 



When wire gauze is used preferably it should take the form shown 
in Fig. 140. A spool a carries perforations along its stem and over 
this wire gauze is wound to make a thick layer. The spool is placed 
in the holder h and fitted tightly in place against a rubber gasket so 
that gases entering one end of h will pass along the hollow stem, flow 
through its perforations and those of the gauze and make their exit 
at the opposite end of b. 

Glass wool obstructs explosion waves in a fairly satisfactory manner 
if it is inserted into the pipe connections in such a way as to fill 
the croflSHsectional area without being packed so tightly as to greatly 
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reduce the flow of gas. Layers of glass wool, or finely-divided re- 
fractory material, such as fire-brick granules of about 20 mesh, alter- 
nated with bundles of wire gauze, may be packed into pipes of 
relatively large diameter to form an excellent safety device, which is 
rendered even more reliable if placed in a tank of water so as to be 
kept cool in event an explosion wave causes ignition of the gas at the 
surface of the outer layer. 

It is stated by Schoop that under the conditions occurring in prac- 
tice explosion mixtures are formed when either gas contains by vol- 
ume 6 to 8 per cent of the other gas. Such an impurity may quite 
readily occur through injury to the diaphragm of cells of the asbestos- 
diaphragm type, and in constructions similar to the Garuti cell care 
should be taken to prevent an excess voltage which will render the 
diaphragms bipolar. 

Boynton’s device for preventing the transmission of explosions is 
shown in Fig. 141. A is the gas inlet, B the outlet, E one or more 
perforated plates and H a space filled with fragments of metal.* 



For tin. prevention of hydrogen explosions steel wool is recommended 
by Ohmann.t He regards steel wool as very suitable to take up 
and carry off the heat developed and, by lowering the temperature 
in this way, preventing the spreading of an explosion. To insure 
against the danger of an explosion, a roll of the wool, somewhat 
tightly pressed together, is placed in the gas conduit. Trials with a 
mixture of f hydrogen and f air, also with the strongest explosive 
gas mixture 2 H + 0, showed that the explosive flame or wave was 
checked and extinguished in contact with the wool. 

♦ U. S. Patent 68,055, Sept. 18, 1866. See also U. S. Patents 713,421, 730,807, 
743,064, 819,202 and 948,323. 

t Z. physik. chem. TJnterricht, 11, 272; Chem. Zentr. (1912), 1, 1426. 
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The various possible causes of certain fatal accidents resulting from 
the explosion of oxygen or hydrogen cylinders has been discussed by 

Bramkamp.* 

In most cases it is certain that an explosive mixture of hydrogen 
and oxygen has been introduced into the cylinder. The two most 

important causes of this are: (1) 
the use of the same compressor al- 
ternately for both gases; and (2) 
unsatisfactory control and atten- 
tion when the gases are obtained at 
the same time in the electrolysis 
of water. Other causes which may 
contribute but which arc unlikely 
in themselves to account for an ex- 
plosive mixture in a full cylinder 
are: (1) the use of an oxygen cylin- 
der as a hydrogen cylindc'r or vice 
versa, without previously removing 
all the original gas; and (2) the 
absorption of hydrogen by finely- 
divided iron inside the cylinder. 
The various methods by which the 
explosive mixture when present 
may be exploded include: (1) igni- 
tion of oil or other combustible 
material in the valve or pressure gauge by the compressed oxygen; 
(2) local rise in temperature of the gas due to sudden closing of the 
valve; (3) catalytic action of finely-divided iron in causing combina- 
tion in the mixture and raising its temperature; and (4) pyrophoric 
oxidation of finely-divided iron. Bramkamp is of the opinion that 
with suitable precautions an explosive mixture need never be put 
into a cylinder, and that all cylinders should be tested by analysis 
of their contents immediately after filling. 

Tubes of compressed hydrogen, accidentally contaminated with 
air, have been known to explode on connecting them with a manom- 
eter for the purpose of measuring the pressure of the gas. Lelarge f 
has found that if ordinary manometers are employed in the usual way, 
such explosions may occur whenever the hydrogen contains enough 
air to render it explosive, and the pressure is sufficiently high. The 
reason probably lies in the rise of temperature produced by the sudden 

* Zeit. ang. Chem. (1912), 536. 

, t Compt. rend. (1912), 914. 



Ftg. 142. High-pressure cylinders 
for hydrogen. 
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Fio. 143. Compressor for oompressiog hydrogen or oxygen into cylinders. 


504 


THE HYDROGENATION OF OILS 


and more or less adiabatic compression of the air in the manometer. 
Such accidents may lx? avoided by interposing, between the tube of 
compressed gas and the manometer, a safety-tube containing discs of 
metallic gauze of such mass that they are not appreciably heated by 
combustion of the gas mixture in the manometer. By this means the 
ignition of the main body of gas is prevented. Similar safety-tubes 
should be employed whenever a highly-compressed explosive gas mix- 
ture is allowed to expand suddenly into a confined space. Before 
measuring the pressure of compressed hydrogen, liable to contain air 
or oxygen, it is advisable to determine its density, as a further safe- 
guard. 

Summary 

The majority of the numerous proposals for making hydrogen in 
various ways have been outlined in the foregoing for the reason that 
many investigators at the present time are studying the subject of 
hydrogen generation, and everywhere present and prospective users of 
hydrogen are seeking information which may enable a better under- 
standing of the subject. 



Fkj. 144. Pressure tank for storage of hydrogen. 

For oil hydrogenation at least four methods of generating hydrogen 
are likely to find a place. These are the (1) steam-iron, (2) water-gas 
liquefaction, (3) water-gas and lime and (4) electrolytic systems. 
With the exception of the latter these all require a water-gas plant 
with a not wholly simple system of purifiers, etc. As to the steam- 
iron method it may be noted that the opponents of this system claim 
it has been shown in practice that the iron sponge will not regenerate 
after a few operations and the iron retorts used are demolished all too 
sooti by the high heat employed and have to be continually replaced. 
The advocates of the system claim great improvement in the matter 
of longevity of the iron sponge and also figure on a cost of production 
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around 90 cents to $1.00 per 1000 cubic feet of hydrogen. It is doubt- 
ful if this figure generally could be reached and so far as the author 
can ascertain the cost in this country with plants of moderate size 
is approximately $1.50 per M. The liquefaction system, although 
scarcely feasible to install in a small way, should prove attractive for 
large scale operation as the cost of production is not over $1.00 to $1.20 
per M for gas of very fair purity. The objection has been raised that 
the by-product of carbon monoxide under high pressure is dangerous 
to handle. The water-gas and lime system from the point of view of 
low cost of operation has much in its favor, but has as yet received 
no extensive technical application. The electrolytic process may be 
called the foolproof system, as with proper safeguards against mixing 
of the gases and suitable safety devices, the generating plant may be 
operated with unskilled labor. The objections raised against it are 
the floor space required and the high cost of the gas. If, however, 
the oxygen is saved and compressed it can usually be sold at a profit 
which, credited against the hydrogen account, greatly reduces the cost 
of the latter. For small plants electrolysis has much in its favor.* 

Purification of Hydrogen 

In the previous discussion of methods of producing hydrogen various 
procedures of purification have been mentioned. To summarize, 

* The cost of hydrogen per cubic meter (1 cubic meter = 35.3 cubic feet) pro- 
duced in various ways is given by Sander (Zeitsch. f. angew. Chem. (1912), 2407) 
as follows: 

Stationary Plants 

Acetylene (Carbonium) 

Steam (Internat. Wasserstoff) 

Water gas (Griesheini-Elektron) 

Wat ’ 1 gas (Linde-Frank-Caro) 

Oil gas (Rincker and Wolter) 

Portable Plants 


Cents 

Iron and sulfuric acid 12J-20 

Aluminium and caustic soda ■ about 621 

Silicon and caustic soda 17^-20 

Ferro-silicon and caustic soda 171-20 

Calcium hydride about $1.00 

Hydrogenite (Jaubert) about 37^ 

Maricheau-Beaupre system about 37| 

Activated aluminium (Griesheim-Elektron) about 46 


Sachs (Zeitsch. f. angew. Chem. (1913), No. 94, 784) believes the cheapening of 
the cost of manufacture of hydrogen due to the demand for this gas in air ship prac- 
tice is in part responsible for the rapid development of oil hardening processes. 


Cents 

3i 

2H 

lF2i 

2i-3i 

2i-3i 



596 


THE HYDROGENATION OF OILS 


oxygen may be eliminated by passing the gas through heated tubes 
containing copper turnings; carbon dioxide by exposure to hydrated 
lime, carbon monoxide by contact with soda lime at 300° C. or over, in 
the presence of moisture, or with acid cuprous chloride; and nitrogen 
may be removed by exposure to heated calcium carbide. Moisture 
may be reduced to a negligible amount by means of quicklime, cal- 
cium chloride or other desiccating agent. 

Catalyzers of different types vary considerably in their resistance 
to impurities or catalyzer poisons in the hydrogen, but the period of 
activity of the more reliable catalyzers is at best all too short, and it 
may be laid down as a general rule that hydrogen free from moisture, 
oxygen, sulfur, phosphorus, chlorine, arsenic and cyanogen compounds 
should be employed. Of course there are exceptions to this, as, for 
example, with nickel oxide catalyzers oxygen is thought not to be 
detrimental and in fact by some is regarded as advantageous. 

The Badische Anilin und Soda-Fabrik * remove traces of carbon 
monoxide from hydrogen by passing the gases through caustic alkali 
solutions at high temperatures and pressures, e.g., hydrogen contain- 
ing 1 per cent of carbon monoxide is treated with (a) an 80 per cent 
solution of caustic soda at 50 atmospheres pressure at 260° C., or (6) 
a 25 per cent solution of caustic soda at 200 atmospheres pressure at 
240° C.t 

Hydrogen prepared from commercial zinc and acid, is bubbled 
through petroleum spirit cooled by liquid air. A temperature of 
110° C., according to Renard,i suffices to insure the removal in this 
way of all the arseniuretted hydrogen even from a rapid stream of the 
gas. 

Wentzki removes arseniuretted hydrogen from impure hydrogen 
by passing the gas upwards through a cylinder packed with a mixture 
of two parts of dry chloride of lime and one part of moist sand or other 
inert material. If the column of purification material be sufficiently 
high, the whole of the arsenic is retained. A small quantity of chlorine 
is set free, but can be removed by passing the hydrogen through a 
second cylinder packed with nearly dry slaked lime.§ 

Rabenalt || purifies hydrogen by passing it into a solution of iodine 
through which an electric current is simultaneously conducted. 

* French Patent 439,262, Jan. 22, 1912. 

t By heating a solution of caustic alkali under a pressure greater than five at- 
mospheres, hydrogen is freed from sulfur and sulfur compounds. (Badische, British 
Patent 14,509, June 23, 1913.) 

X Compt. rend. (1903), 136 (22), 1317. 

§*Chem. Ind. (1906), 405. 

J tJ. 8. Patent 1,034,646, Aug. 6, 1912.' 
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For purifying electrolytic gases Knowles * uses the apparatus as 
shown in Fig. 145. The gas to be purified is first passed through an 
ordinary washer then through an explosion trap and finally enters the 
purifier proi)er. In its entry into the purifier the in-going gas is pre- 
heated by passage around the conduit through which the out-going 
gas and vapor is passing. In the 
purifying chamber the gas passes 
through contact material and 
water vapor is formed and is con- 
densed and removed. In the 
illustration the web k supports 
grids I of porcelain on which 
the contact material is spread. 

Knowles states that when the 
apparatus is working properly no 
external heat is recpjired on ac- 
count of the rise in temperature 
caused by the condensation. 

The removal of sulfur from gas by the Carpenter process f involves 
passing the gas over reduced nickel heated to 800° to 900° F. when 
carbon bisulfide reacts with hydrogen to form hydrogen sulfide and the 
latter body is absorbed in the usual manner. 

The treatment of water gas to separate pure hydrogen, as described 
by Frank,! is of interest in this connection. Water gas, previously 
dried as much as possible, is conducted over calcium carbide, at a 
temperature from 300° C. up to the melting point of the carbide. 
When water gas is conducted over carbide thus heated an absorption 
of all the substances associated with the hydrogen takes place. Car- 
bon monoxide or dioxide forms with the carbide, lime or carbonate 
of lime and carbon. The nitrogen is likewise absorbed. The hydro- 
carbons are decomposed when passed over the heated lime-carbon 
material with the separation of carbon. The action of the carbide 
on various gases is indicated by Frank in the following reactions: 

CO + CaC 2 = CaO-l-3C 
C02 + 2CaC2 = 2CaO + 5C 
3C02 + 2CaC2 = 2CaC08 + 5C 
0 + CaC 2 = CaO + 2C 
2N4-CaC2 = CaNaC + C 

* U. S. Patent 1,073,246, Sept. 16, 1913. 

t Jour. Ind. & Chem. Eng. (1914), 262. 

X U. S. Patent 964,416, July 12, 1910. 
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SiH4 + 3 CO + CaCa + heat = CaSiOa + 5 C + 4 H 

CS2 + CaC2 = 2 CaS + 3 C 

1128 “|~ CaC2 — CaS -(- C2 “f" H2 

a^PHa + CaCg = CaP. -f- C2 + 3 xE 

CS2 + 2 CO2 + heat = 2 SO2 + 3 *C 

2 SO2 + 3 C + 2 CaC2 = CaS04 + CaS + 7 C. 

Almost chemically pure hydrogen is ultimately obtained as the final 
product. Carbon monoxide or dioxide may be previously entirely 
or partially removed from the water gas ])y mechanical separation 
of the constituent gases to relieve the carbide from the duty of sepa- 
rating the major part of the gases. If the water gas is produced at a 
high furnace temperature and contains in addition to hydrogen almost 
exclusively carbon monoxide and only a little carbon dioxide, the 
mechanical separation is preferably effected by conducting the water 
gas, which has been suitably cooled, into a Linde’s air-liquefaction 
machine or other similarly constructed apparatus to liquefy the car- 
bon monoxide; the dioxide and small quantities of silicon-hydrogen, 
etc., being obtained solid, whereas the hydrogen remains gaseous and 
can be separated and conducted away. If the water gas is produced 
at a low temperature, and if little carbon monoxide and principally 
carbon dioxide are obtained in addition to hydrogen, the. previous 
mechanical separation may be effected by the water gas being cooled 
down to a temperature below that of the congealing or liquefying 
point of the secondary constituents of the water gas (carbon dioxide, 
carbon monoxide, etc.), these secondary constituents being separated 
in this manner in a solid or liquid form from the hydrogen which is 
obtained. After the previous mechanical separation of the secondary 
gases, the hydrogen which contains some remnant of other gases, as 
C'O, CO2, SiH4, H2S, PH3, N, CS2, and hydrocarbons, is then subjected 
to a final purification by conducting it over carbide. Before being 
passed over the carbide, the water gas may be freed from carbon 
dioxide and monoxide by treatment with lime and cuprous chloride 
solution respectively.* 

Bosch and Wild f iiave found that by treating hydrogen under 
pressure exceeding five atmospheres with a hot solution of fixed caustic; 
alkali, sulphur and compounds containing sulphur can be practically 
completely removed. 

The concentration of the alkaline solution and the temperature and pressure 
employed c&n be varied within wide limits. As an example, caustic soda solution 

♦French Patent 371,814, Nov. 26. 1906. 

. '+ TT R PRtfint. No. 1.1.3.^.n87. MrpcH 2.3. Tfil/i. 
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of from 10 to 50 per cent can be employed at a temperature of from 150° to 225° C. 
and a pressure of fifty atmospheres. As a rule, if higher pressures be employed, 
the gases can be passed through the caustic alkali solution with a greater velocity 
while still effecting a total separation of all sulphur and sulphur compounds. 

A purifier for separating dust and sulphur compounds from producer gas, water 
gas, and the like is described by Berlin Anhaltische Maschinenbau * * * § as follows: 
Within and spaced away from the wall of the purifier is a retort packed with turnings 
of iron or other metal capable of combining with sulphur compounds. Except at 
the two ends the wall of the retort is porous. The gas enters the purifier, and passes 
through the porous wall of the retort, which retains dust, etc. A blast of air may 
be passed into the purifier to bring it to and maintain it at the requisite temperature 
for the retention of the sulphur comj)ound8 by the iron turnings. 

It is stated by the Badische Company f that carbon monoxide can 
be very quickly and effectively removed from gas mixtures by means 
of ammoniacal cuprous chloride solution under pressure. 

The solutions contain, in 1 liter, considerably more than 60 grams of ammonia 
gas in the form of free base or cjirbonate. Iron apparatus or i)arts in motion are 
not, injured by this solution so that high pressure can be employed, where stone- 
ware and lead are not suitable. Ammonia is supplied as it is lost, the solution is 
kcf)t in circulation bet ween the absorption and a lower pressure chamber where the 
carbon monoxide is removed, and any oxidation of copper is corrected by the carbon 
monoxide before it is removed. A suitable solution is prepared by mixing 200 
kilograms of cuprous diloride, 250 kilograms of ammonium chloride, 500 kilograms 
of 25 per cent ammonium hydroxide and 500 kilograms of water. Operating at 
pressures above 100 atmospheres very small amounts of carbon monoxide may be 
removed from gases (such as hydrogen containing carbon monoxide) in a short 
time. 

The absorption of carljon monoxide from oxygen-free gas mixtures liy ammoni- 
acal cuprous chloride solutions is carried out by the Badische Company J with an 
addition of oxygen to the gas sufficient in amount to prevent the separation of 
copper but not in such a quantity as to cause any marked oxidation of carbon mon- 
oxide. 

A method of freeing gases from carbon dioxide present as impurity 
is given by Soc. L’Air Liquide,§ which consists in subjecting the impure 
gas first to a physical purification by solution under pressure in water 
and then to a chemical purification by the action of purifying reagent 
dissolved in the water. 

The process is applicable to the removal of carbon dioxide from water gas or 
water gas modified by catalysis or by passage over hydrated lime, prior to lique- 
faction of the gas. The process is effected by bringing the compressed gas into 
contact with a counter current of water in a tower, at the upper portion of which is 

* German Patent No. 271,122, Dec. 12, 1912; U. S. Patent No. 1,129,568; J. S. C. L, 
1914, 472. 

t German Patent No. 282,505, Nov. 19, 1913; Chem. Abs., 1915, 2299; see also Brit- 
ish Patent No. 9,271, Apr, 14, 1914. 

t Chem. Abs., 1917, 873; Austrian Patent No. 72,240, Aug. 10, 1916. 

§ British Patent No. 15,053, Juno 23, 1914, 
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introduced a small quantity of a lime or caustic soda. The dissolved gas may be 
subsequently removed from the liquid by relieving the pressure thereon, and, when 
lime is used, the precipitated carbonate may be filtered off and the water returned 
to the tower. 

In a process for the absorption of gases by liquids, under pressure, with subse- 
quent regeneration of the absorbent by relieving the pressure, Ges fiir Lindes Eis 
maschinen ♦ absorption is effected under as high a pressure as possil^le and the 
absorbed gas subsequently released by producing a partial vacuum in the absorp- 
tion vessel and simultaneously passing through it a current of gas in which the con- 
centration of the alxsorbcd gas, if this be present, is lower than corresponds to its 
partial pressure, in the gas above the solution. It is stated that ])y this process 
the absorption of carbon monoxide in cuprous (chloride solution, which hitherto 
has proved impracticable, may be used with good results, e.g., for the production of 
hydrogen free from carbon monoxide. 

Knowles f has devised an apparatus for the purification of elcctroI.yti(; gases, con- 
sisting of a chamber in which is located a web of metal or other material coated 
with a catalytic agent, and heated either by electricity or other suitable means. 
The design is such that the gases have a long space to travel in contact with the 
catalytic material and are thus well purified. 

To remove oxygen from gaseous mixtures, Siemens and Halske t 
pass the gases over a metal heated to incandescence, the metal being 
one, such as zirconium or titanium, the oxide of which is not reduced 
by hydrogen or carbon monoxide at the temperature of working. In 
practice gases to hn freed from oxygen frequently contain hydrogen 
or oil vapors. By the process described, it is stated that oxygen can 
be removed from such gases without formation of steam. 

Ueno and Kimura § purify by-product hydrogen by treatment with 
metallic copper, a cuprous salt and ammonium hydroxide, with or 
without the addition of another ammonium compound. Ueno || em- 
ploys colloidal platinum, palladium, iridium or osmium in an aqueous 
vehicle containing an organic body such as sugar or glycerine, gum 
arabic and soap. 

When working with hydrogen at raised temperature and under pressure in iron 
vessels, according to Bosch, ^ if the iron contains carbon the strength of the vessel 
suffers to such an extent that after a very short time it is no longer able to withstand 
the higher pressure which is being employed, due to the action of the hydrogen upon 
the carbon. The use inside such iron tube of a lining which is chemically not acted 
upon by hydrogen is of little value, since, when high temperatures are employed, 
practically all substances are pervious to hydrogen under pressure. Although the 
quantity of hydrogen which diffuses through the walls of the tube is only minute 

♦Gorman Patent No. 289,106, Mar. 29, 1914; J. 8. C. I., 1916, 623. 

t U. S. Patent No. 1,073,246, Sept. 16, 1913. 

t German Patent No. 279,132, June 28, 1913; J. S. C. L, 1915, 230. 

§ Chem. Abs., 1918, 208; Japanese Patent No. 31,292, July 10, 1917. 

II Japanese Patent No. 31,291, July 10, 1917. 

•r TT a XT^ 1 iQc R'jn 0*7 igig. 
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in comparison with the total quantity of gases treated in such tube, yet in course of 
time this small quantity is sufficient to act on the carbon contained in the iron of 
the tube to such an extent as to deteriorate the resisting power of the tube. 

Bosch states that he can work conveniently with flowing hydrogen under con- 
tinuous pressure and at raised temperatures if the vessel in which the reaction is 
being carried out and within which the high pressure is being maintained, be sur- 
rounded by some kind of structure which is capable of supporting the inner vessel, 
but which itself readily allows any gas to escape which may diffuse through the walls 
of the inner vessel. This can be effected by surrounding the inner vessel with a 
series of steel rings, or a suitable network of bars, or the inner tube may be covered 
with a second tube which is perforated, the essential condition being that the outer 
tube, which is supporting the inner tube, is not impervious to the hydrogen which 
diffuses through the inner tube at the high temperature and pressures employed. It 
is most convenient to construct the outer perforated tube, network or rings, of 
steel, while the inner tube, in which the hydrogen is contained under pressure 
and heat, may be constructed either of steel, or of some material which does 
not contain carbon, such as wrought iron (practically free from carbon), nickel or 
silver. 

Reactions in which hydrogen is involved under pressure and at high temperatures 
are carried out in an apparatus comprising an exterior (metallic) receiver, capable 
of supporting the pressure, and an interior receiver (e.g., of glazed porcelain, glass, 
quartz, etc.), capable of resisting the chemical action and the diffusion of the hydro- 
gen. Or, the reaction is allowed to take place in an inner metallic or non-metallic 
porous receiver, which is separated from the outer wall, supporting the pressure, by 
an alloy or composition capable of resisting the chemical action and diffusion of the 
hydrogen.* 

Pier t describes an apparatus for effecting reactions with hydrogen under pressure. 
To prevent leakage of hydrogen, a layer of molten Wood’s metal or other readily 
fusible alloy is maintained between the upper wall and the outer casing of the vessel 
(which may be of steel). The inner wall may be of porcelain or metal. The appa- 
ratus will withstand 150 atmospheres pressure without leakage. 


Effects of the Presence of Hydrogen in Electrolytic 
Oxygen 

Experiments conducted by the Bureau of Mines indicate that, at 
atmospheric pressure, mixtures of oxygen and hydrogen containing 
less than 10 per cent by volume of hydrogen are inflammable but 
not explosive. Teras and Plenz find at least 30 per cent of oxygen 
is required for explosion. The electrolytic industry for making 
oxygen and hydrogen, as a general rule, attains on an industrial scale 
the generation of both oxygen and hydrogen at purities well above 
99 per cent. Oxygen containing but 1 per cent of hydrogen is a non- 

* Chem. Aba., 1915, 28; French Patent No. 469,391 and First addition, March 7, 1914. 

tU. S.^Patent No. 1,169,866. 
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hazardous product, as the hydrogen in such a mixture cannot be 
made to combine with the oxygen to produce an explosive reaction. 
Hydrogen containing but 1 per cent of oxygen is likewise in itself a 
safe product, as the oxygen in such a mixture cannot be made to 
combine with the hydrogen to produce an explosive reaction. 

The attention of the Bureau of Mines * has been directed to a series 
of explosions of oxygen made by the electrolytic process in which life 
has been lost, as a result of hydrogen being mixed with oxygen. Rice, 
of the Bureau of Mines, reports that this is due to improper design in 
the manufacturing apparatus, i.e., the cells and electrical connections; 
to insufficient safeguards connected with the electric apparatus, the 
polarity suddenly and unexpectedly shifting; to the manufacture of 
oxygen without frequent analyses; and to incompetent or ignorant 
attendants. Unfortunately, certain makers of oxygen-manufacturing 
apparatus have advertised that any laborer can take care of their 
apparatus. It is beheved that the manufacture of electrolytic oxygen 
can be carried on in a manner to make it entirely safe. Neverthe- 
less, certain tanks from one batch caused three widely separated ex- 
plosions in California, killing seven men in all, and an analysis of gas 
from a tank filled at the same time showed that it contained over 50 
per cent of hydrogen. 

The California Commission limits hydrogen content in oxygen 
containers to 2 per cent after thorough investigation as to the cause 
of three explosions, f 

Wohler { referring to the regulations which have been enforced in 
Germany since 1902 with regard to the filling and use of compressed 
gas cylinders for oxygen and hydrogen gases, gives details of some 
recent explosions to show that in spite of all these precautions accidents 
due to carelessness and negligence are of frequent occurrence. 

The most disastrous of these, in which three men were killed and many were 
injured, occurred at Darmstadt, An empty oxygen cylinder of 210 cu. ft. capacity 
was filled with hydrogen, but the error was discovered before the gas was used and 
the cylinder was returned to the compressed gas works. Without emptying the 
cylinder, the men in charge of the oxygen-filling machinery filled the cylinder to its 
maximum capacity with oxygen, and when the cylinder arrived at the railway work- 
shops the second time, and was put into use, it burst. The author points out that 
owing to the shortage of copper the connecting gas couplings used at the filling works 
are now of iron or steel. The rule with regard to right- and left-handed threads to the 
cylinder fittings for the different gases is, therefore, easily evaded, for a steel or iron 
screw may be externally threaded on a brass connecting piece whatever the thread 

"♦Met. Chem. Eii#?., 1917, 402. 
t Brownell, Eng. Record, 1917, .594. 
t Z. angew. Chem., 1917, .30, 174; J. S. C. I., 1917, 917. 
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may have been on this originally. The regulations with regard to the use of distinc- 
tive colors for the cylinders containing the two gases have also been often ignored 
lately, owing to labor shortage and similar difficulties, and cylinders have been used 
indiscriminately for oxygen or hydrogen, without regard to their color or markings. 
As a precaution against similar accidents and explosions Wohler recommends 
the application of the Haber test for explosive gases before the gas from any cylinder 
is used, or the still more simple soap-bubble test, which consists in blowing a bubble 
with the gas from the cylinder, and then applying a light. These tests, however, are 
of little value if left in the hands of the workmen, since negative results can easily 
be obtained with them. 

Hammond * describes an apparatus that prevents polarity reversal 
by use of an automatic switch which completes the connection with the 
cells only when the normal speed of the generator is reached. Reversal 
of phase is prevented by use of a polarized relay connected to a special 
shunt which provides for a singkvpole relay in the control circuit. 
Apparatus for the determination of purity of oxygen by absorption 
with metallic copper and of hydrogen by the combustion method are 
illustrated. Causes of explosions and precautions to be observed are 
given, t 

The Un(l(‘rwriiers’ Laboratories (207 E. Ohio St., C'hicago, 111.) 
have in preparation Tentative Standards for Oxygen and Hydrogen 
for Industrial Uses and for Electrolytic Oxygen and Hydrogen Plants 
and Their Operation. In the compilation of these standards the 
Underwriters’ Laboratories have had the assistance of the Standards 
Committee of the Electrolytic Oxygen and Hydrogen Association, 
formerly Gas Products Association (29 South La Salle St., Chicago, 
111.), and the Committee on Electrolytic Oxygen and Hydrogen of 
the Compressed Gas Manufacturers’ Association (120 Broadway, 
New York City), and after further revision it is expected these 
standards will be adopted by electrolytic oxygen and hydrogen man- 
ufacturers of this country.! 

♦Machinery, 23 , 1070, 1917; Chem. Aba., 1917, 2860. 

t An explosion arrester involving the use of a water seal is described by Ellis, U. S. 
Patent No. 1,170,055, Feb. 1, 1916. 

Oil-hardening tank explosion. (Byrne, Chem. Trade J., 58, 164 (1916); Chem. 
Abe. 10, 1271.) An explosion occurred May 22d, 1915, in one of six tanks employed by 
Messrs. Ardol, Ltd., Selby, Yorks, in converting oil into a solid by means of hydrogen. 
Each tank was fitted with 3 vertical coils of copper tubing forming an endless cir- 
cuit through which hot water was passed. Its temperature normally was about 290® 
and its pressure 2000 lb. per square inch. The oil in the tank was heated to a temp^- 
ature of about 260® and the hydrogen, at a pressure of 5 lb. per square inch was sent 
from the bottom upward through the tank to the cleansing plant. The accident 
is found to have l)een due to a leakage from the copper coil producing an unduo 
pressure in the tank. 

t J. R. C. I., 1918, 251 R. 
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Hydrogenated Oil Patent Litigation 

The general interest awakened by litigation in England over the 
Normann patent, together with the fact that the testimony given has 
brought out much of interest to investigators in the hydrogenation 
field, has led to the inclusion of a report of the Court proceedings 
which is here given substantially as published in the British Official 
Journal. 

In the High Court of Justice. — Chancery Division 
Before Mr. Justice Neville 
Feb, 20 — Mar. 18, 1913 

* Joseph Crosfield & Sons Ld. v. Techno-Chemical 
Laboratories Ld. 

Patent. — Action for infringement. — Admissibility of expert evi- 
dence. — Construction of Specification. — Insufficiency of Specification 
— Patent held invalid. — Action dismissed. — Costs on the higher scale 
allowed. 

In 1903 a Patent was granted for a ^'Process for converting unsaturated 

fatty acids or their glycerides into saturated compounds.’’ The process 
consisted in treating the fatty bodies with hydrogen in the presence of a 
finely-divided metal, such as platinum, iron, cobalt, copper, and espe- 
cially nickel, adapted to act as a catalyzer. The Specification stated that 
the saturation might be effected by causing vapours of fatty acid together 
with hydrogen to pass over the catalytic metal, but that it was sufficient 
to expose the fat or fatty acid in a liquid condition to the action of hydrogen 
and the catalyst. The Specification gave no details of the process, but 
after having given, in general terms, an example of the process, stated 
that the quantity of the nickel added and the temperature were immaterial, 
and would only affect the duration of the process. In an action for in- 
fringement of the Patent, the Plaintiffs contended that the publication of 
the fact that the process could be carried out with bodies in the liquid state 

* Supplement, June 18, 1913. The Illustrated Official Journal (Patents), 
Vol. XXX. Reports of Patent, Design and Trade Mark Cases. No. 12. 

m 
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was of great merit; they claimed that the Patent was for a principle, and 
that, the Patentee having shown one way of putting it into practice, he 
was entitled to claim for all ways. The Defendants contended that the 
experiments of their witnesses showed that, for the success of the process, 
the catalyst must be prepared in a particular way and the process carried 
out with precautions not indicated in the Specification and requiring 
research for their ascertainment. 

Held, that the Patentee claimed the hydrogenation of all unsaturated 
fatty adds, and their glycerides, by the use of finely-divided platinum, 
iron, copper, and cobalt, as well as nickel, and that if the process failed 
as to any of the bodies to be hydrogenated or any of the catalysts the Patent 
was invalid; that no method of carrying the alleged invention into effect 
was suffidently described in the Specification; and that the Patent was 
invalid. The action was dismissed with costs. 

On the 21st of January 1903 Letters Patent (No. 1515 of 1903) were 
granted to Wilhelm Normann for a Process for converting unsatu- 
rated fatty acids or their glycerides into saturated compounds. 

The Complete Specification was as follows: — “The property of 
“ finely-divided platinum, to exercise a catalytic action with hydro- 
“ gen, as it does with oxygen, is already known. For instance, Wilde 
“ observed the following reaction taking place in the presence of 
“ platinum black: — 

“ C2H2 + H4 = CHs ~ CH3 
C2H4 + H2 = CH3 - CH3 

and Debus noticed the reaction: 

“ HCN + H 4 = CH 8 NH 2 

“ Recently Sabatier and Sender ens have discovered that other 
“ finely-divided metals will also exercise a catalytic effect on hydro- 
“ gen, viz. iron, cobalt, copper and especially nickel. By causing 
“ acetylene, ethylene, or benzene vapour in mixture with hydrogen gas 
“ to pass over one of the said metals, the said investigators obtained 
“ from the unsaturated hydrocarbons saturated hydrocarbons, partly 
“ with simultaneous condensation. 

“ I have found, that it is easy to convert by this catalytic method 
unsaturated fatty acids into saturated acids. This may be effected 
by causing vapours of fatty acid together with hydrogen to pass 
over the catalytic metal, which is preferably distributed over a suit- 
“ able support, such as pumice stone. It is sufficient, however, to 
expose the fat or the fatty acid in a liquid condition to the action 
of hydrogen and the catalytic substance. For instance, if fine nickel 
powder obtained by reduction in a current of hydrogen, is added to 
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“ chemically pure oleic acid, then the latter heated over an oil bath, 
“ and a strong current of hydrogen is caused to pass through it for 
“ a sufficient length of time, the oleic acid may be completely con- 
“ verted into stearic acid. The quantity of the nickel thus added 
“ and the temperature are immaterial and will only affect the dura- 
“ tion of the process. Apart from the formation of small quantities 
of nickel soap, which may be easily decomposed by dilute mineral 
‘‘ acids, the reaction passes off without any secondary reaction taking 
“ place. The same nickel may be used repeatedly. Instead of pure 
“ oleic acid, commercial fatty acids may be treated in the same 
manner. The yellowish f^tty acids of tallow, which melt between 
“ 44 and 48° C. and whose iodine number is 35.1, will, after hydro- 
genation, melt between 56.5 and 59° C., while their, iodine number 
“ will be 9.8 and their colour slightly lighter than before, and they 
will be very hard. 

The same method is applicable not only to free fatty acids, but 
‘‘ also to their glycerides occurring in nature, that is to say, the fats 
and the oils. Olive oil will yield a hard tallow-like mass; linseed oil 
“ and fish oil will give similar results. 

By the new method, all kinds of unsaturated fatty acids and their 
“ glycerides may be easily hydrogenised. It is not necessary to 
^'employ pure hydrogen for the purpose of the present invention; 
“ CDinmercial gas mixtures containing hydrogen, such as water gas, 
“ may also be used.’' 

The Patentee claimed: — “ 1. The process for converting unsat u- 
rated fatty acids, or their glycerides, into saturated compounds, 
which consists in treating the said fatty bodies with hydrogen in the 
presence of a finely-divided metal adapted to act as a catalyser, 
“ substantially as described. 2. The herein described manufacture 
of saturated fatty compounds from unsaturated fatty acids, or their 
glycerides, by means of water gas or similar gas mixtures.” 

On the 19th of December, 1911, Joseph Crosfield & Sons Ld. com- 
menced an action for infringement of the Patent against Techno- 
Chemical Laboratories Ld, and Nils Testrup, claiming the usual relief. 

The Plaintiffs by their Statement of Claim alleged that, (1) they 
were the owners of the Patent; (2) the Patent was valid and subsisting; 
(3) the Defendants had infringed and threatened and intended to 
infringe. 

By their Particulars of Breaches they alleged that, (1) the Defend- 
ants had infringed by importing into, and by the manufacture, sale, 
offering for sale, supply and use in, this country of compounds made 
in accordance with the process described in the Specification and 
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claimed in both the Claims, and by the use in this country of the proc- 
ess; and (2), in particular, the Defendants, and each of them, had, 
on the 1st of December, 1911, caused to be treated with hydrogen in 
the presence of a finely-divided metal adapted to act as a catalyscr, 
in their factory situate at “ Fairlawn,” Clapham Park, in the county 
of London, 9 kilogrammes of cotton oil, in infringement of both the 
Claims. 

By their Defence the Defendants, (1) did not admit the allegations 
in paragraph 1 of the Statement of Claim; (2) denied that tliey, or 
either of them, had infringed or threatened or intended to infringe; 
and (3) said that the Patent was, and always had been, null and void. 

By their amended Particulars of Objections they said that, (1) 
Wilhelm Normann was not the true and first inventor. (2) The alleged 
invention was not subject-matter for a valid Patent, by reason of the 
common and/or public knowledge at the date of the Patent. The 
Defendants would refer to all the prior publications set out in para- 
graph 4 below as disclosing part of the public knowledge. (3) The 
alleged invention was not useful. (4) The alleged invention had been 
published in this realm prior to the date of the Patent : — (i) By the 
deposit in the Patent OflSce Library of the following Specifications: 

(a) British: — Lake (No. 2798 of 1883) and Ramage (No. 7242 of 1901). 

(b) German: — Ziirrer (No. 62,407). The whole of each of the Speci- 
fications was relied upon, (ii) By the sale and publication in the 
United Kingdom, and by the deposit in the Patent Office Library, of 

(c) Comptes Rendus de TAcad^mie des Sciences,” of Paris, vol. 133, 
dated 1901, pages 321-4, comprising an article entitled ‘‘ Chimie 
“ Organique. — Nouvelle m^thode de preparation de Laniline et des 

alcalis analogues.” Note de MM. Paul Sabatier et J. B. Senderens. 

(d) ‘‘Bulletin de la Society de Chimie,” series 3, vol. 1, pages 295-6, 
comprising a communication entitled “ No. 29. — Transformation de 
“ Tacide oieique en acide st^arique ” by De Wilde and Reychler. (e) 
“ Journal of the Chemical Society,” London, for the year 1889, vol. 
56, part 2, page 1140, comprising an abstract of the communication 
of be Wilde and Reychler, (/) “ Wattses Dictionary of Chemistry,” 
edition 1892, vol. 3, page 637, column 2, lines 42-4. ig) “ Sitzungs- 

berichte der Kaiserlichen Akademie der Wissenschaften,” Vienna, 
1876, vol. 72, part II, pages 366-75; comprising a paper by Guido Gold- 
Bchmiedi, entitled ” Uber die Umwandlung' von Sauren der Reihe 
“ CnH2n~a02 in solchc der Reihe CnH2n02. (5) The Complete Speci- 
fication of the Patent did not particularly describe and ascertain the 
nature of the invention and in what manner the same was to be per- 
V, farmed, anjl was insufficient and/or misleading in the following par- 
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ticulars: — (a) No useful result could be obtained by following the 
directions given in the Specification, (b) No process was described 
by which, as alleged, saturation of unsaturatcd fatty acids, or their 
glycerides, could be easily or at all effected, (c) No process was de- 
scribed by which fatty acids, or their glycerides, could be hydroge- 
nised by the action of catalytic iron, copper, cobalt, nickel or platinum. 
(d) No process was described whereby hydrogenation of fatty acids, 
or their glycerides, could be effected without the formation of secondary 
products, (e) No process was described whereby any useful results 
could be obtained by the use of any of the finely-divided metals men- 
tioned. (/) No process was described whereby fatty acids, or their 
glycerides, could, as suggested, be hydrogenised by treatment in a 
vaporised condition, (g) The treatment as described of oleic acid in 
the liquid condition did not result in complete saturation, as alleged, 
or in any practical or substantially useful saturation, (h) No suffi- 
cient directions were given as to the quality of catalyst, or the tem- 
peratures or times required to produce the alleged results, or as to 
what variations of those factors might be required for different cata- 
lysts, and those factors were not immaterial as to the alleged results. 
(t) Idle same catalyst could not be used repeatedly as described at 
page 2, lines 40 to 41. Alternatively, no sufficient directions were 
given to enable the same catalyst to be used repeatedly, (j) No useful 
result could 'be obtained by the use of commercial gas mixtures as 
described on page 3, lines 5 and 6. (k) No sufficient directions were 

given as to the preparation of nickel or other metal to be used as 
catalyst. (1) The statement on page 3, lines 3 and 4, of the Specifica- 
tion, i.amely, that by the new method all kinds of unsaturated fatty 
acids and their glycerides might be easily hydrogenised, was incorrect. 
(m) No sufficient directions were given as to which impurities might 
be present with, or as to which impurities must be excluded from, the 
hydrogen in order that the process might be carried out. 

By their further and better Particulars the Defendants alleged that 
as to paragraph 5 (1) of their Particulars of Objections, the following 
would not be easily or at all hydrogenised : — Olive, linseed, fish, 
whale, rape, and cottonseed oils, or any fatty oils; oleic, erucic, linolic, 
linoleic, and ricinoleic acids, or any unsaturated fatty acids, by treat- 
ment in a vaporised or liquid condition by the alleged new method. 
And they alleged as to paragraph 5 (m) that the following impurities 
must be excluded from the hydrogen in order that the latter could, by 
any process, hydrogenise fatty acids or their glycerides: — Sulphur, 
sulphuretted hydrogen, and all other volatile sulphur compounds, 
arsenic, arseniuretted hydrogen and all other volatile arsenic com- 
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pounds, phosphorus, phosphorettod hydrogen and all other volatile 
phosphorus compounds, chlorine, oxygen, the oxides of nitrogen, 
ammonia, and empyreumatic substances obtained in the production 
of water gas. 

Upon an application by the Plaintiffs for further and better Particu- 
lars as to paragraph 5 (/), the Defendants alleged that no fatty oils 
and no unsaturated fatty acid could be easily or at all hydrogcnised 
in a vaporised or liquid condition by the Plaintiffs’ process, and stated 
that they did not intend to offer any evidence of specific instances 
other than those specified in the Particulars. 

In their Answers to Interrogatories the Defendant Company stated 
that, on the occasion of the visit of the Patentee to the Defendant 
Company’s premises at Fairlawn, Clapham Park, on the 1st of De- 
cember, 1911, to inspect a process for the hardening of fats, there was 
used a cylindrical autoclave 1 metre high and | metre in diameter 
(inside measurements), with a steam jacket, and fitted with a non- 
conducting lining of unknown material. Nine kilograms of cotton oil 
were pumped into the autoclave, and 288 grams of a composition, 
containing a catalytic agent calculated on the oil, was used and was 
mixed with the oil prior to the introduction of the mixture into the 
autoclave. The autoclave was then filled with hydrogen from a 
cylinder to a pressure of 15 atmospheres. During the operation, the 
pressure varied from time to time according to the absorption of 
hydrogen. A mechanically driven circulation pump was connected 
with the autoclave both by its suction and delivery conduits. By 
means of a pump and a jet for spraying, a mixture of oil and composi- 
tion containing the catalytic agent was drawn from, and forced back 
into, the autoclave. The iodine absorption was not determined. The 
composition containing the catalytic agent was prepared from a salt 
of nickel. The Defendant Company said that the catalyst was the 
subject of provisional protection (No. 4702 of 1912), and they ob- 
jected to giving further particulars, but subsequently they said that 
the composition was prepared as follows: — About 1| kilograms of 
nickel sulphate was dissolved in about 3 litres of water, and about the 
same weight of sodium carbonate, dissolved in about the same quan- 
tity of water, and at about 70-80® C., was added to the nickel sulphate 
which was at about 60-70® C. The mixture was stirred for about 
1 J-2 hours, and the precipitate was filtered off and washed with dis- 
tilled water, at about 25® C. for 60-70 hours alternately in tanks and 
filter press. A small sample was dried and tested to ascertain that 
the. precipitate had been suflSciently washed. The washed precipitate 
dried in ,hot air at 80-85® C., and was calculated to weigh 720 
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grams. It was then roasted in an iron frying pan for about 15 minutes 
over an open Bunsen gas burner, and the weight after roasting was 
calculated to be about 380 grams. The product was heated to about 
300° C. for about 6 minutes in a current of hydrogen in revolving glass 
tubes slightly inclined, the precipitate being introduced at the higher 
end and through a spiral glass tube, and the hydrogen at the lower end. 
The product, which weighed 288 grams, was directly introduced into a 
small quantity of oil, which was mixed with the 9 kilos the following 
day. 

The Defendants during the trial referred to the following papers: — 
Moissan, Oxides of nickel (“ Annales de chimie et de physique, ’’ 1880, 
5th series, vol. 21, page 238) — the exhibit A.L. 9; Moissan and 
Moureu, Action of acetylene on iron, &c. (“ Comptes Rendus,” 1896, 
vol. 122, 1st half year, page 1240) — the exhibit A.L. 9; Sabatier and 
Senderens in the “Comptes Rendus” (the exhibit A.L. 5), Action of 
nickel on ethylene (124 (1897), page 616); Action of nickel on ethyl- 
ene: synthesis of ethane (i6., page 1358); Hydrogenation of acetylene 
in the presence of nickel (128 (1899), page 1173); Action of copper on 
acetylene; formation of a very condensed hydrocarbon, cuprene (130 
(1900), page 250); Hydrogenation of acetylene in the presence of 
copper {ib.j page 1559); Hydrogenation of acetylene in the presence 
of reduced iron or cobalt (ib., page 1628); Hydrogenation of ethylene 
in the presence of various reduced metals (i6., page 1761); Hydro- 
genation of acetylene and ethylene in the presence of divided platinum 
(131 (1900), page 40); Action of various divided metals, platinum, 
cobalt and iron, on acetylene and ethylene {ib. (1900), page 267); 
Direct hydrogenation effected in the presence of reduced nickel; prepa- 
ration of hexahydrobenzene (132 (1901), page 210); General method of 
synthesis of the naphthenes {ib. (1901), page 566); Hydrogenation of 
various aromatic hydrocarbons (ib., page 1254); new method of pre- 
paring aniline and analogous alkalies (133 (1901), page 321); direct 
hydrogenation of carbon oxides in the presence of various divided 
metals (134 (1902), page 689); Hydrogenation of ethylenic hydro- 
carbons by the contact method (i6., page 1127); Synthesis of various 
petroleums: contribution to the theory of the formation of natural 
petroleums (t6., page 1185); Direct hydrogenation of acetylenic hydro- 
carbons by the contact method (135 (1902), page 87); Direct hydro- 
genation of oxides of nitrogen by the contact method {ib.j page 278); 
and a paper by the same authors in the “Annales de chimie,” &c., 8th 
series, vol. 4 (1905), page 5 — an exhibit marked J.L. 1. 

Sir A. Cripps K.C. for the Plaintiffs. ~~ The Plaintiffs are substan- 
tially Brunner, Mond & Co., and the real Defendants are Leoer Bros. 
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Ld. An important feature of the invention is that it has enabled fish 
oils, and particularly whale oil, to be used for soap-making, hardening 
it and destroying its smell. Before the Patent, it was not known that 
,the catalytic hydrogenation of fatty acids or oils could be effected 
without alteration of the quantity of oxygen contained in the acids or 
oils. The Patentee did not discover any new method of using catalysts, 
but he used them successfully with bodies with which they had never 
been used before ; and he found that catalysts could be used with sub- 
stances, that could not be readily vaporised, by simply treating them 
in the liquid state. That had been thought impossible. It is alleged 
that the directions given in the Specification are insufficient, but the 
Patent is for a principle of wide scope and there is no need for minute 
directions, because the process will work under all conditions. The 
invention has effected a revolution in the soap-making industry, and 
the Patent is a master Patent. The Specification describes a way of 
putting the principle into practice. Lake’s Specification deals merely 
with the extraction of glycerine from fatty substances, and has no bear- 
ing on the invention here; nor has Ramage’s Specification, which 
relates only to the drying of oils, without any hydrogenation. Zurrer’s 
process is merely for saturating fatty acids with chlorine, and then 
replacing the chlorine by hydrogen by heating under pressure with 
water and metals; there is no catalytic action. Sabatier and Senderens 
state generally the catalytic action of certain finely-divided metals in 
adding hydrogen to incomplete organic molecules, and then go on to 
deal with the substitution of hydrogen for oxygen. The Patentee’s 
object is to keep the oxygen in the acids and oils, and to add hydrogen, 
and Sabatier would lead people away from that. The papers by De 
Wilde and Rcychler and Goldschmiedt do not deal with catalytic proc- 
esses at all. The Defendants allege non-utility, meaning that if the 
Patentee’s directions are followed the result that he describes would 
not be obtained. Several of the allegations in paragraph 5 of the 
Particulars of Objections are mere general allegations that the Paten- 
tee’s process will not work. Catalytic action was well known, and it 
was not necessary to give directions as to the mode of preparation of 
the catalysts. The claim is for the application of known catalytic 
methods to substances to which they had not been applied before — 
for obtaining an old product by a new method. The Patentee men- 
tions nickel as a catalyst, as being the best metal for the purpose. A 
competent chemist would have no difficulty in finding what were the 
best temperatures and proportions. 

Evidence was given in support of the Plaintiffs’ case. 

Dr, A. Zdebmann stated that fats could not be vaporized. There 
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was nothing in literature as to anyone, prior to the date of the Patent, 
having acted with hydrogen as a catalyzer on a liquid; Sabatier had 
said the presence of the liquid was fatal and destroyed the catalyst. 
The liquid oils, after having been hardened and made into fats by 
the patented process, could be used for various purposes. In the 
case of the fish oils the disagreeable smell was destroyed, and cheap 
vegetable oils could be used for the manufacture of margarine, and 
oils could be rendered useful for soap-making or candle-making. Be- 
fore 1903 it was known that it was impossible to obtain a vapour of 
a glyceride, and that a fatty acid could be distilled in super-heated 
steam, or under reduced pressure. Steam would probably oxidise 
the catalyst unless hydrogen was present, and it would be excluded 
from vaporisation. The witness had used a current of hydrogen for 
the vaporisation of fatty acids. He gave details of experiments he 
had successfully made in the application of the patented process. 

Dr. F, W. Passmore stated, inter alia, that the great part of the 
invention was that it had shown the erroneous character of the old 
theory that anything that would tend to cover up the surface of the 
catalyst would destroy it, and had shown that it was possible to 
catalyse in fat. 

Sir James Dewar also gave evidence. 

Walter K.C. summed up the Plaintiffs^ case. — Moissan and Moureu 
it. 1896 dealt with the action on a mixture, of acetylene and hydro- 
gen, of iron, nickel and cobalt prepared by reduction with hydrogen 
at as low a temperature as possible. They found that, when incan- 
descence took place, part of the acetylene was polymerised, and part 
was split up. Their theory was that the porous state of the metal 
led to the condensation of the acetylene, and the evolution of heat, 
and that all bodies having that catalytic or pyrophoric structure 
:uust give an identical result. They referred, as to the precautions 
10 be laken in obtaining the nickel, to the paper by Moissan in the 
‘‘ Annalcs de Chimie,” 1880. Dr. Passmore said that he found in- 
structions to obtain the hydrated oxide of nickel in a finely-divided 
state by precipitation from the nitrate, sulphate, or carbonate, and 
that the finely-divided nickel, obtained from that oxide by reduction 
at as low a temperature as possible, would be pyrophoric and de- 
compose acetylene. Sabatier and Sender ens continued Moissan^ s 
work, and, in their Papers on the action of nickel on ethylene, said 
that the reaction takes place with the catalytic nickel, with nickel 
reduced at a red heat, or even with nickel filings. Then they dealt with 
the conversion of ethylene into ethane by means of hydrogen and a 
catalytic agent. After that, they dealt with the hydrogenation of 
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;*iicetylene in presence of nickel, and with the action of copper and of 
iron and cobalt on acetylene, and with the hydrogenation of ethylene 
in presence of various reduced metals, with the hydrogenation of 
benzene, and with the preparation of aniline from nitro-benzenc and 
analogous nitro-bodies. The results show that it is impossible to 
say that the method that will act in some cases will act in others, or 
to see why the fatty acids do not wet or act upon the surface so as 
to inhibit the action of the catalyst. Nowhere throughout those 
Papers is there any work with other than pyrophoric bodies, except 
in the case of acetylene and ethylene. Normann continued the 
work. He referred to the literature telling how to prepare the cata- 
lysts, although he need not have done so, as the literature was part 
of the common stock of knowledge of chemists. He stated that the 
fatty acids, not their glycerides, may be treated in the vaporised 
condition. There is no mystery as to the method of converting them 
into vapours. It is a common operation to bubble hydrogen through 
a liquid, and get the vapour of the liquid mixed with hydrogen. And 
Sabatier described that method, and also the use of a capillary tube. 
Then came Normann' s great discovery, that the fatty acids, and their 
glycerides, could be treated in the liquid condition. The explanation 
seems to be that the liquid does not wet the metal, just as oil will 
stick to metal and not to rock, and so float up the metal. As to the 
use of an oil-bath, that appliance is used when the temperature de- 
sired is from about 100° to 250°. All the experiments conducted at 
temperatures between these limits succeeded. No chemist would 
endeavour to obtain finely-divided nickel by first grinding the oxide. 
In some of the Defendants’ experiments the oxide from which the 
nickel was obtained was ground; it ought to have been precipitated — 
grinding will not give the fineness required. 

Asthury K.C. for the Defendants. — The precipitated oxide dries 
into a hard cake, that has to be ground. There is no evidence that 
Normann' 8 process is useful. The solidification of oils in this coun- 
try is only now coming into commercial use. An ordinary chemist 
might work on Normann' s process for years, and obtain no useful 
result at all. The Specification is deficient as to any valuable direc- 
tions, and is misleading. To obtain a useful result something must 
be done that is not even hinted at in the Specification or in Sabatier's 
papers. A catalyst that will work with one sample of some particu- 
lar fatty acid or glyceride will not work with another sample. The 
whole matter is mysterious. Sabatier did not use the pyrophoric 
metal used by Moisaan, and the Specification ought to have given 
directions on the point. The Specification may be construed as 
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saying that fats may be treated in the vaporised state, though it is 
sufficient for them to be treated in the liquid condition; and it is ad- 
mitted that fats cannot be vaporised. The nickel used by the De- 
fendants has been obtained by the ordinary process of reduction in 
hydrogen, and, if that is not sufficient, the Patent is invalid for in- 
sufficiency of the Specification. The Patentee says the temperature 
is immaterial, but no one has used a temperature below 100°, and 
some of Sabatier’s processes take place in the cold. If Normann had 
tried besides nickel, iron, cobalt, and copper, he would have found 
out certain differences between their action and that of nickel, and 
in that case he ought to have disclosed the best method of carrying out 
the process. He says that water-gas may be used; that means com- 
mercial water-gas, which contains sulphuretted hydrogen and cannot 
be successfully used. The Claim is for applying catalysis to the fatty 
bodies by vaporising or by the liquid process. The Plaintiffs’ wit- 
nesses state that if one makes reduced nickel by the processes described 
in the text-books one will fail, and Dr. Liebmann went so far as to say 
that one would probably fail if one bought nickel oxide in a shop and 
reduced it as told by Sabatier, The Plaintiffs say their case stands or 
falls on being able to confine their Patent to preparing the catalyst 
by the particular method described in Sabatier’s and Moissan’s papers. 
But Moissan describes the reduction of the hydrated sesquioxide of 
nickel obtained by the action of chlorine on the hydrate of nickel 
protoxide and neither Sabatier nor Normann suggests that it is neces- 
sary to use the oxide prepared in that way. The use of chlorine 
would poison ” the catalyst. The Plaintiffs say that the nickel, to 
be catalytic, must be pyrophoric, but pyrophoric nickel will not act 
in some cases. For some unexplained reason, it will harden one 
sample, say, of linseed oil, but not another sample. The action de- 
pends on the mode of preparation of the body from which the oxide 
is made, on something in the fatty body, and on the temperature. 
Sabatier is actually misleading, as he did not say that it is material 
how the oxide is made, and he did not say anything about the mode 
of preparing the bodies from which the oxide is obtained. Mr. Bal- 
lantyne followed Normann, Sabatier, and Moissan and failed in every 
case. Then he had a suggestion from the Defendant Testrup, not 
given by the Plaintiffs’ authorities, and in some cases he succeeded 
and in some he failed. He had found a similar result in repeating 
Dr. Passmore^s experiments. Iron with acetylene is very pyrophoric, 
but iron as a catalyst for hydrogenation is practically useless; it will 
not act at all with liquids. The temperature at which the catalyst 
is prepared is immaterial except as to acetylene. Sabatier said that 
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the catalytic decomposition of ethylene takes place very well if the 
nickel has been reduced at a red heat, and in that case it is not 
pyrophoric. But the nickel is not so active as if it had been reduced 
at 300°, which is not Moissan^s temperature. A chemist reading 
Sabatier^ s Papers would conclude that the density of the nickel is not 
increased by higher temperature, whether it is partly in the reduction 
or in the next process. Sabatier says the nickel must be freshly re- 
duced; tlie Defendants have always freshly reduced theirs. He says 
that acetylene can be hydrogenised by sheet copper. There is not a 
single suggestion in Sabatier^s Papers that one is to reduce from a 
hydrate, and from a body that itself has been prepared at a low tem- 
perature, and still less is there any suggestion that the temperature 
of reduction in any case should be Moissan's 240°, instead of 300°. 
The Specification is capable of being construed as meaning that the 
vapour process is applicable to the fats as well as to the fatty aedds, 
that the expression fatty acids,’' when used alone, stands both for 
the acids and their glycerides, the fats. The Patentee either knew, 
or did not know, that Sabatier's method would not act, that it was 
necessary to adopt Moissan's method of reduction from a higher 
oxide at a low temperature, and that the hydrate, instead of the 
oxide, must be used. If he knew any one of those three matters, 
which are essential to success, he has not mentioned them; if he did 
not know them, then he has not made an invention. And, even if 
the catalyst is prepared by the Plaintiffs’ method, with certain of the 
fats and fatty bodies, no result is obtained. To infringe a master 
Patent by the use of an equivalent, the equivalent must be known at 
the date of the Patent to be an equivalent. In 1903 it was not known 
that, in acting catalytically on a liquid, it was equivalent to bubbling 
hydrogen through the liquid to take a fatty body and the metal and 
spray them into a chamber containing hydrogen under pressure, for 
it is admitted that no catalysis of a liquid was known at all, and none 
of the witnesses knew of any process, catalytic or other, in which the 
metal and body were sprayed together, or any liquid with metal in 
suspension in it was sprayed into a gas under pressure. That is an 
invention of Testrupj and will give results that the Patentee’s process 
will not give. The Patentee says that temperatures are unimportant; 
Sabatier says they are most important; they vary greatly with each 
catalyst and body acted on; it is impossible to get any general law 
out of Sabatier at all. There is no evidence that the patented process 
has ev6r been worked. 

Evidence was given in support of the Defendants’ case. 

H, Ballantymj in answer to questions dealing with the point whether 
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a chemist would know that by obtaining nickel oxide through the 
hydroxide by precipitation, he would get the oxide in a more porous 
form, stated that a chemist could get the oxide in a bulky but finely- 
divided state, and that he would know that he would have a more 
finely-divided material than if he went to a higher temperature. The 
witness said that, as to specimens of nickel reduced from the oxide 
and nickel reduced from the carbonate, the latter would be more 
bulky, and more finely-divided, but would have a larger particle; 
the two specimens could both be sufficiently rapidly permeated by a 
gas, and the denser of the two would have better pyrophoric proper- 
ties than the other, but pyrophoric activity was independent of cata- 
lytic activity; in tho case of the hydrogenation of oil one is dealing 
with a liquid getting into a porous body. When the nickel oxide was 
reduced, nickel would, by the removal of the oxygen, be left in a 
cavernous condition, though there might be some contraction. 

0. Hchner stated, that he had made a series of experiments — in 
which he used the purest oleic acid, and 2 per cent of the most active 
nickel reduced at 360° from purest nickel oxide for three hours. The 
rate of hydrogen flow was about 14 litres per hour, and the depth of 
the oil column 4 inches and the width If inches. The temperatures 
throughout the respective experiments were 90°, 100°, 120°, and 150°. 
The original iodine absorption was 86.4 per cent. After 18 hours 
10 minutes, it was reduced in experiment (3) to 85.1 and in (4) to 
81.7, in (5) to 82.9, and in (6) to 61.8; and in the last experiment, after 
57 hours 5 minutes, it was reduced to 45.5. 

Dr. Julius Lewkowitsch stated, that before 1903 he had read 
Sahatie/s earlier Papers and had tried to hydrogenate oleic acid, as 
vapour and as liquid, with nickel; but had failed. He had prepared 
the nickel by converting the sulphate into carbonate, converting that 
into oxide, and reducing the oxide at 400° or a little above. Then he 
had read the Specification, but had again failed. Later he had read 
Sabatier’s Paper of 1905 and had succeeded after two years’ work. 

0. Hehner, recalled, stated, that, in preparing the nickel he used, 
he had made the green hydroxide, and treated it with chlorine, obtain- 
ing Moissan’s sesquioxide. 

Dr. A. Liebmann, recalled, stated in cross-examination, that he 
had made a number of further experiments. For one, he had bought 
nickel protoxide, reduced it at 300°-320° (1., and used it for the 
hydrogenation of oleic acid and had succeeded. 

Jenkins K.C. summed up the Defendants case. — The Patent is 
invalid, first, because the Patentee claims a process for converting 
unsaturated fatty acids into saturated compounds by a catalytic 



618 


APPENDIX 


method applied to the vapours of the fatty acids, which process is not 
useful; secondly, because he claims a process for converting unsat- 
urated fatty acids, or their glycerides, into saturated compounds by 
a catalytic method applied to the vapours of the glycerides, which 
process is impossible; thirdly, because he claims the' substitution of 
commercial gas mixtures for hydrogen in carrying out his processes, 
whereas the use of those gas mixtures renders the processes, if other- 
wise practicable, impracticable unless the mixtures are purified, and 
he gives no directions for their purification; fourthly, because he 
claims a catalytic method wherein metals other than nickel, and par- 
ticularly iron, cobalt, copper, and platinum, are employed as the 
catalysers, which processes are impossible or impracticable; or, alter- 
natively, the Specification is insufficient and misleading in that no 
sufficient directions are given as to the catalytic substance necessary 
to be employed to enable the invention to be carried out; and, fifthly, 
because the Specification is insufficient in that no sufficient directions 
are given to enable the invention to be performed so far as the same 
relates to the processes claimed for the conversion of unsaturated 
fatty acids or their glycerides in a liquid condition into saturated com- 
pounds. The first four reasons depend to a great extent upon con- 
struction, and do not involve much dispute as to facts. If any one of 
them is valid, it is possible that the Patent might be made good by 
amendment, but if the fifth reason — the broad attack — is valid 
then the Patent could not be made good by any amendment. If the 
Defendants succeed on any one of these points they are entitled to 
have the action dismissed. The first objection assumes, for the pur- 
pose of argument, that the Specification tells how the process can be 
carried out, but asserts that when carried out it is useless. As to the 
vapour process, the Patentee seemed not to know that the fats cannot 
be vaporized, as, in 1912, he applied for a Patent in the Transvaal 
and said in his Declaration that the glycerides might be exposed in a 
vaporised condition to the action of the hydrogen and catalyst. With 
regard to the use of commercial gas, which is the subject of a separate 
Claim, Sabatier removed the sulphuretted hydrogen that would be fatal 
to the process, but the Patentee gives the impression that purifica- 
tion is not necessary. The Defendants have shown that one cannot, 
by using iron, cobalt, copper or platinum as catalysts, bring about 
the hydrogenation. The Plaintiffs^ witnesses say that they have 
effected the hydrogenation with iron, cobalt and copper in the vapour 
process; but the Defendants have shown that one cannot succeed 
with these metals or platinum in the liquid process. If the Patentee 
claipas hydrogenation in the liquid process by a metal other than nickel, 
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the Patent is invalid. With regard to platinum black, the Plaintiffs 
have not shown that it will work with anything. They say that it is 
not material, that is a question of construction; and the Defendants 
say that the Claim includes finely-divided platinum. As to the gen- 
eral scope of the Specification, the expression '' this catalytic method ” 
means the use of the finely-divided metals to exercise a catalytic 
action with hydrogen as they did with oxygen. The Plaintiffs seemed 
to think that Sabatier’s Papers were to be treated as if the Patentee 
had recited them, but that is a false construction. He did not recite 
them, but he recited prior knowledge so far as was known to him, and 
exhaustively, as he mentions platinum black, and makes it clear that 
he may include platinum sponge. Then he gives general directions 
that it is sufficient to expose the fat or fatty acid, in a liquid condition, 
to the action of hydrogen and the catalytic substance. That is the 
Patentee’s claim. It is not narrowed by what follows. The Patentee 
has thrown his net very widely, and has taken a correspondingly 
heavy burden. He thought he had discovered a new principle, and 
had found that the supposed capriciousness of catalytic action did 
not exist. The Plaintiffs have been working on this subject for years, 
but they have not told the Court what they have been doing. It is 
difficult to avoid reading their subsequently-acquired knowledge into 
the knowledge of 1903. It may be said that the Patentee has pre- 
scribed, in a loose way, a range of temperature from 100° to 250° — 
the range of an ordinary oil-bath; but he has stated that the reaction 
will be obtained at 100° with every body treated. And, as he says 
that temperature is immaterial, he has not purported to give any range 
of temperature. The Plaintiffs have to choose between saying that 
the statement that temperature is immaterial is of general application, 
in which case the Patent is clearly bad, and saying that the direction 
merely refers to the instance given, of nickel, and that the statement 
means that having found a temperature at which the reaction is 
obtained, it is immaterial whether or not one goes higher. The in- 
stance, and the direction as to the oil-bath are not of the essence of 
the invention. It has been proved that the temperature and the 
proportions are vital. As to the water-gas, if one purifies it, one does 
something that makes the hydrogen operative, and so the process 
comes within Claim 1. If the words “ temperature is immaterial ” 
are of general application to the Specification, they are misleading 
and invalidate the Patent; if they refer only to the specific instance 
then the Specification is insufficient as to the general process. The 
differences of opinion between the experts have been narrowed down 
to the mode of preparation of the catalyst — the nickel. Mr. Hehner 
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used temperatures of about 300® for the reduction of the oxide, and 
sometimes went to 340°; Dr. Liebmann went as high as 360° in one 
case. The question is further narrowed down to the preparation of 
the oxide. The process can be carried out with finely-divided metal 
obtained from any oxide, but only with certain bodies, and with cer- 
tain precautions. Moissan^s Papers have no bearing on the matter. 
His Paper of 1880 was simply directed to the investigation of the 
allotropy of certain oxides. The experiments of the Plaintiffs’ 
witnesses had, in order to succeed, to be conducted with special 
stirring apparatus and a strong current of hydrogen, precautions that 
are not indicated by the Patentee. The failure of Dr. LcwkowiUch 
to obtain Normann^s results, although following his Specification care- 
fully, shows that the Specification is insufficient. The Patentt^e 
assumed that the catalyst that would act with the gases would act 
with the liquids, and it turned out that it would not. As to infringe- 
ment, the Defendants’ method is an improvement on the Patentee’s, 
and if his claim is limited to his precise description, it is not an ecpiiv- 
alent. 

Sir A. Cripps K.C. replied. — As to the knowledge at th(‘ date of the 
Patent, the references to Sabatier imply a reference to Moissan, and 
Sabatier says that the best method is to prepare the catalyst in the 
way described by Moissan, that is, in order to get a porous oxide, 
hydrate should be used. The Plaintiffs’ witnesses went through the 
sesquioxide and the hydrate to the protoxide, and showed that the 
process worked best in that way. They tried further experiments 
with oxides made from the carbonate, sulphate, and nitrate, and suc- 
ceeded. The invention is of enormous value; it is said to be worth 
a quarter of a million a year; and there can be no question as to utility, 
or as to the sufficiency of the statement of the invention. The only 
question is as to the sufficiency of the directions. The stirrer and the 
strong current of hydrogen used by the Plaintiffs’ witnesses were 
expedients such as would naturally be adopted by a chemist wishing 
to get contact between the reagents. Supposing the invention to 
be the hydrogenation of unsaturated fatty acids, and oils so as to 
saturate them, and the Patentee gives one example that works, that 
is sufficient. Possible complications with different catalysts have 
nothing to do with the matter. With regard to the presence of sul- 
phuretted hydrogen in water-gas or illuminating gas, a chemist would 
know that sulphur is a poison ” to the catalyst and would remove 
it from the water-gas, and it is not found in modern illuminating gas. 
The direction that the catalyst is to be finely divided is sufficient to 
ihdi( 5 ate that it is to be as finely divided as possible. The use in the 
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Claim of the expression adapted to act as a catalyst ” has been 
objected to, but such a description is properly employed in a claim 
for a wide principle. The further experiments of Dr. Liehmann and 
Dr. Passmore were conducted in accordance with the directions given 
in the Specification. They started with a fine nickel powder obtained 
by reduction in a current of hydrogen, added to it oleic acid, as pure 
as possible, heated it over an oil bath and passed a strong current of 
hydrogen through it, so as to keep the metal in a state of suspension. 
They succeeded, and the only objection made is that they added 
stirring, but that is an expedient that would naturally and properly 
be adopted. 

Neville J. — The Specification in the present case is short and in- 
artificial. The Patentee di.scloses, I think, clearly enough what he 
claims to have discovered. It was, in the first instance, that the satu- 
ration by hydrogen or hydrogenation of unsaturated fatty acids and 
their glycerides, fats and oils, (;ould be attained by catalysis. In in- 
troducing his discovery, he refers to the fact that it had already been 
disclosed that, in certain cases, catalytic action with hydrogen had 
been brought about by tlie presence of finely-divided platinum, and 
further that Sabatier and Seiiderens had extended discovery in this 
direction by showing that other finely-divided metals, namely, iron, co- 
balt, copper, and especially nickel, might take the place of platinum, 
lie tells us that Sabatier — 1 will use this name as including Senderens 
— obtained saturated hydrocarbons from unsaturated hydrocarbons 
(partly with simultaneous condensation, which 1 take to mean what 
he calls later secondary reactions), namely, acetylene, ethylene, or 
benzene, by causing their vapours mixed with hydrogen gas to pass 
over one of the said metals. Reading the Specification as a whole, 1 
think he then proceeds to tell us that his discovery is that it is easy by 
‘Hhis catalytic method — which means, I think, hydrogenation by 
catalysis — to hydrogenise all kinds of unsaturated fatty acids and 
tlieir glycerides, that is to say, fats and oils. I may say, in passing, 
that the glyceride is merely the fatty acid with the addition of gly- 
cerine, and the fats and oils, thus composed, differ from the fatty acids 
in this respect, that while fatty acids may, under certain conditions 
be vaporised, fats and oils cannot. How to vaporise a fatty acid the 
Specification does not tell us, but Normann says that hydrogenation 
of the unsaturated fatty acid may be obtained by causing it in vapour 
with hydrogen to pass over the catalytic metal. This vaporisation, 
however, he declares to be unnecessary, since it is sufficient to expose 
the fat or fatty acid — that is to say, any unsaturated fatty acid or its 
glyceride — in a liquid condition to the action of hydrogen and the 
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catalytic substance. The evidence shows the advantage of treating 
the fats and fatty acids in the liquid state without vaporisation to be 
very great, and I think Normann did not intend to indicate vaporisa- 
tion as part of his process, but to point out that you could obtain hydro- 
genation by a far simpler method. To dismiss this point at the outset, 
I do not think, upon any construction of the Specification, that the 
difficulty of vaporisation, even if it were as great as the Defendants 
suggest, would avoid the Patent. If the Specification is sufficient in 
other respects, what Normann here says is true, and, even if the proc- 
ess by vaporisation is of no commercial value, the liquid process is, 
and I think the Patent would stand. Having told us that treatment 
in the liquid state suffices, Normann discloses an instance in which he 
alleges that pure oleic acid may be completely converted into stearic 
acid, that is, a non-saturated fatty acid into a saturated fatty acid. 
I think, if he has described a process by which this may be done, and 
if that process is effective with all fats and oils and all other fatty acids 
in combination with any finely-divided metal adapted to act as a 
catalyser ’’ (including platinum, iron, cobalt, copper, and nickel), the 
Specification would be sufficient. Indeed, I should be inclined to hold 
that, if the invention was substantially co-extensive with the Claim, 
proof that some fatty acid or oil could not be successfully treated by 
one or more of the catalysers mentioned was immaterial, so long as the 
exception was of no commercial importance. 

There are minor points upon the construction of the Specification 
raised, such as the possibility of using commercial gas mixtures as a 
substitute for hydrogen, but I will, in the first instance, examine the 
question of whether the process which Normann describes will effect 
the result which he claims for it, and I will here say that, if by his proc- 
ess a substantial saturation is effected, sufficient for technical pur- 
poses, I should not consider its failure to ensure complete saturation 
fatal, notwithstanding that he has stated that the oleic acid may be 
completely converted into stearic acid; nor should I think it fatal if 
some secondary reaction took place, notwithstanding his declaration 
to the contrary, so long as such reactions did not substantially interfere 
with the utility of the process. 

In my judgment, the right of a Patentee to his monopoly is essen- 
tially a matter of substance, and the question to be decided a broad 
one, namely, whether he has in substance given the consideration 
which the grant of the Patent requires. 

.Now let us turn to Normann^ s Specification and see what are the 
conditions to be fulfilled to obtain the result which he indicates. First 
nickel powder obtained by reduction in a current of hydrogen id 
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to be procured. There is no special meaning, I think, to be attached 
to the word ‘‘ powder,” except that the product is to be in a fine state 
of division; but the evidence shows that, if metallic nickel is to be 
obtained by reduction, it must be obtained by reduction of the oxide; 
so we take fimely-divided nickel obtained by reduction of nickel oxide 
in hydrogen and add it to chemically pure oleic acid. For pure oleic 
acid, we may substitute any commercial fatty acid, or fat, so far as the 
method is concerned; though, of course, if we do, we cannot expect 
complete conversion of the whole compound, inasmuch as impurities 
may be expected. Then the oleic acid is to be heated over an oil-bath. 
No temperature is mentioned. The ordinary temperatures for which 
oil-baths are used are variously stated as extending from 50° or 100° to 
250° C., but, inasmuch as the inventor tells us immediately after that 
the quantity of nickel added and the temperature are immaterial and 
will only affect the duration of the process, 1 think it is impossible to 
construe the Specification as giving any direction as to the temperature 
to be employed, unless, perhaps, one may say that, as heating is 
directed, it should be something above room temperature — how much, 
I think, one does not learn. A strong current of hydrogen is to be 
passed through the mixture, and I think it is common ground that the 
current should be strong enough to keep the metallic nickel suspended 
in the liquid in order to give the opportunity of contact between the 
surface of the nickel and the molecules of the other bodies. 

Before procecnling further, I will put in untechnical language what 
I understand from the evidence to be conveyed by the word ‘‘ catal- 
ysis.” It appears that in the presence of, or in contact with, certain 
metals?, chemical bodies undergo changes which do not otherwise take 
place. The reactions induced by the presence of the catalyst may 
involve merely the splitting up of a single chemical body, of which the 
decomposition of acetylene in the presence of finely-divided nickel is 
an instance, or the combination of two chemical bodies which, but 
for contact with the catalyst, would have retained their composition 
unchanged, although in contact with one another. The hydrogena- 
tion of a fatty acid where hydrogen and the fatty acid are brought 
into contact in the presence of a suitable catalyst is an instance of the 
latter kind of reactions, and that which forms the subject-matter 
of the present invention. 

To return to the Specification, the experiments made by Mr. 
Ballantyne and Mr, Hehner show that you may take finely-divided 
nickel, or nickel powder, obtained by reduction from the oxide in a 
current of hydrogen, and add it to pure oleic acid or any other fatty 
acid, warm the mixture, and pass through it a strong current of hydro- 
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gen, without obtaining the catalytic reaction indicated by the Paten- 
tee at all. That, by preparing your nickel powder in a special way 
and raising the temperature to a certain degree, you may obtain the 
result required, although the reaction appears to be very capricious, 
is shown by the experiments of Dr. Liehmann and Dr. Passmore and 
admitted by Mr. Ballantyne. The Plaintiffs’ contention is that the 
success of Dr. Liebmann and Dr. Passmore is conclusive to establish 
the validity of the Patent, for it is said that these gentlemen did no 
more than the Specification directed. They say that it was known 
in 1903 that catalysis was a surface or contact action, and that, for 
the purpose of obtaining contact, the finer the division the better the 
chance, and that it was known that, for the purpose of catalysis, the 
oxide should be reduced to the metal at the lowest possil)le temper- 
ature, or at about 300° C. Therefore, they say that any competent 
chemist upon reading the Specification would, as of course, take 
nickel oxide as finely-divided as possible, and reduce it in hydrogen 
at a temperature of from 300° to 350°. 

I pause here to state certain conclusions at which I have arrived 
upon the evidence. It appears that the fineness of division of the 
nickel — by which is meant the minuteness of the pieces composing 
the substance, depends — not upon the temperature (within the 
ranges of temperature which are dealt with here) at which the oxide is 
reduced to the metal, but upon the physical state of the oxide with 
regard to minuteness of division at the time when the reduction com- 
mences, the number of pieces of metal after the reduction being sub- 
stantially the same as the number of pieces in the oxide. Therefore, 
the temperature at which the reduction takes place is in this connec- 
tion immaterial. The activity of a catalyst does not, however, I 
think, depend solely upon minuteness of division, but upon the po- 
rosity of the pieces of metal composing the powder. In the course of 
reduction, when the oxide gives up its oxygen, the metal left behind 
is in a porous, or what has been described as a cavernous condition, 
the result being that, inasmuch as the fatty substance may be able 
to penetrate into the cavities, a greater surface is afforded for contact 
than if it were in a denser or more solid condition. This distinction 
has, I think, not been sufficiently regarded in some parts of the 
evidence, the words finely-divided ” having been sometimes used 
to denote porosity, rather than the smallness of the pieces into which 
the, metal is divided. Mr. Ballantyne^ explaining the different quali- 
ties required for pyrophoric purposes and catalytic purposes, speaks of 
metal in larger particles or grains being more finely-divided than metal 

SD^ller particles or grains. I do not think that, in fact, the words 
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finely-divided ” have a meaning in chemistry different from that 
which they bear in English. The effect of heating is to cause the 
porous metal to contract and become denser; hence the desirability 
of reducing the oxide at a low temperature; and I think to-day it 
would be common ground that the most promising catalyst for hydro- 
genation would be a suitable metal in the highest state both of fine 
division and porosity. At the same time, it must be remembered that 
this so-called catalysis remains unexplained. All that is known 
about it is, that it happens, and no one can safely predict what will 
happen in any case not already tested by experiment. Nothing 
seemed more unlikely before Normann^s discovery than that this cata- 
lytic method should be available for the saturation of fats and oils. 

Papers by Moissan and Sabatier are relied upon by the Plaintiffs 
in two ways: first, because Sabatier is referred to in the Specification, 
and Moissan is referred to by Sabatier, and it is said that this is an 
express reference by the Patentee adding to the information given 
by the Specification all the information to be gleaned from these 
Papers, and in them, it is said, are to be found directions how to pre- 
pare your catalysts for Normann's invention; and, secondly, it is 
said that, at all events, what was contained in them was public knowl- 
edge, and the hypothetical competent chemist was bound to supple- 
ment the Specification with the knowledge acquired from Sabatier. 

The first contention is, in my judgment, untenable. It may per- 
haps be permissible for a Patentee to say in his Specification: — '' For 

the purpose of carrying my invention into effect, I refer you to such 
^^and such a publication in which you will find all necessary directions.’' 
I doubt if this would fulfil his obligations to the public, but, at all 
events, on turning to the publication indicated, you must find in clear 
and precise terms the very process which he claims, or one which, 
without further experiment, can be applied for the carrying into effect 
of his invention. To turn the hypothetical chemist loose into the 
labyrinth of long chemical papers dealing with a variety of subjects 
more or less connected with the matter in hand, and tell him to search 
for himself and adopt for the purposes of the invention what he 
deems applicable, would be to fall altogether short of his duty as 
patentee. On the question of common knowledge, I think there 
must be shown something more than the fact that there has been 
recently published information which, though not directed to the 
matter in hand, ought, if properly understood and digested, to have 
led the inquirer to adopt certain methods and precautions in carry- 
ing out the invention with regard to which the Specification is silent. 
But further, if every line of Menssan and Sabatier were read, I do not 
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think it would lead the inquirer to suppose that any particular 
method of preparing the oxide for the purposes of Nonnann’s process 
was necessary, nor indeed, as the experiments show, was it. Mats- 
san’s Paper is a description of an isolated demonstration of the reduc- 
tion of a sesquioxide of nickel prepared in a particular way through 
various transformations down to metallic nickel, and is referred to by 
Sabatier in a Paper but remotely bearing upon Normann^s invention. 
It is true that Moissan declares that the resulting metallic nickel will 
be pyrophoric, but it appears to me that there is no direct connection 
between a metal being pyrophoric (that is, being in a state in which 
it will oxidise in ordinary temperature at a white heat) and being a 
catalyst which can be relied upon to realise successfully Normann’s 
invention. Indeed, the fact that some of the catalysts used by Mr. 
Ballantyne and Mr. Hehner in unsuccessful experiments were pyro- 
phoric, seems conclusive on this point. 1 think, therefore, the question 
of how to prepare a finely-divided metal so that it may be pyrophoric 
is not relevant to the present case. 

I come to the conclusion, upon the evidence, that Normann's 
process will not produce the result he claims for it unless the fine nickel 
powder is obtained in a special manner not indicated by the Specifica- 
tion, or unless a very strong current of hydrogen is used, and mechan- 
ical stirring or some other special device is resorted to. The possible 
effect of violent agitation in keeping the surface of the catalyst free 
from the poison of the oil is pointed out by Mr. Ballantyne. No hint 
of such a necessity is to be found in the Specification, and I think the 
hypothetical chemist was entitled to suppose that the process de- 
scribed in the Specification was sufficient to effect its purpose, and, 
having applied that process and failed to produce the result, was 
entitled to consider himself misinformed, without resorting to exper- 
iment to see in what manner the directions failed. The discovery 
was entirely new and contrary to anticipation, and the process de- 
scribed by Normann, for all that was generally known on the subject, 
might very well have been sufficient. There was no reason to pre- 
sume any necessity to add to the directions, which he gave, anything 
from the stock of common knowledge. What appears to me very 
strong confirmation of the insufficiency of the Specification is to be 
found in the evidence of Dr. Lewkomtschj a great authority on the 
subject. Dr. Lewkowitsch had endeavoured himself to obtain the 
saturation of oleic acid by the use of nickel as a catalyst and had 
failed. He afterwards became acquainted with Normann' s Specifica- 
tion, and toed a further series of experiments with no greater success. 
Hii had obtained his catalyst from a solution of sulphate of nickel. 
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He afterwards read some further Papers by Sabatier^ published in 
1905, recommending amongst other things the use of nitrate in place 
of sulphate of nickel, and pointing out that nickel lost its catalytic 
properties if exposed to too high a temperature. With these hints, 
Dr. Lewkowitsch recommenced his experiments, and after several 
years succeeded in solving the problem. It is said for the Plaintiffs, 
and truly said, that sulphur was known to be what is called a poison 
to a catalyst and that therefore sulphate of nickel ought not to have 
been employed, but the precipitate was properly washed, and there 
was, in 1903, no reason to suppose, if this was done, that sulphur 
to an injurious extent would remain. Moreover, no warning is given 
in Normann's Specification against the use of sulphate of nickel, or 
as to the temperature to be employed in reduction. The evidence 
in this case shows that a catalyst prepared from the sulphate may 
be successful, and also that nickel may be heated to a red heat with- 
out destroying its catalytic properties. Certain passages in subse- 
quent publications of Dr. Lewkowitsch have been referred to as dis- 
counting the evidence given by him in this action. It seems to me 
that they do not diminish the weight of his testimony. Here was a 
chemist, having special acquaintance with the subject, who tried a 
method of saturating oleic acid, identical with that described by Nor- 
vuinn, and failed, studied Normann^s Specification and, after repeated 
experiments, again failed, and, after receiving what he says was a 
clue from a publication by Sabatier in 1905, succeeds only then after 
experiments extending over several years. So that we find a chemist 
of exceptional qualifications, deeply interested in the subject, failing 
for years, after repeated experiments, and careful study of Normann^s 
Specification, to achieve what I am asked to believe any competent 
chemist could, in 1903, have achieved by following Normann's direc- 
tions. without any experiment at all. 

In this connection I cannot but remind myself that, 'though the 
Patent was taken out in 1903 and purported to reveal a process of 
immense commercial value, no evidence has been called to show that 
anyone succeeded in taking advantage of the discovery for a consider- 
able number of years after its publication; that the only evidence of 
sufficiency is the evidence of eminent chemists who essay to prove by 
experiments in 1912 that the directions contained in the Specification 
were in 1903 sufficient to ensure success. 

I come to the conclusion that the directions in Normann^s Specifi- 
cation were insufficient; and I infer, both from the evidence before me, 
and the lack of evidence, that, great as the discovery that unsaturated 
fatty acids and their glycerides could be hydrogenated by the catalytic 
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method undoubtedly was, no practical means of taking advantage of 
the discovery were disclosed until after further experiment subsequent 
to the date of the Patent. 

It has been repeatedly urged that, catalysis depending upon contact, 
the difference between success or failure is simply a question of obtain- 
ing or failing to obtain contact. In my opinion, the evidence fails to 
establish this in any material sense. There is nothing to show that 
the directions of Normann do not suffice to get contact. Catalysis 
remains a mystery to-day, and in 1903 nothing whatever was known 
as to the means necessary to obtain successful contact in the catalytic 
hydrogenation of oleic acid, or any other fatty acid or glyceride, except 
what was disclosed by Normann himself. According to Mr. Ballan- 
tijne’s evidence, a catalyst which succeeded in getting “ contact ” in 
this sense with acetylene after Sabatier, failed with Normann^ s process. 
To say that a direction to pass a strong current of hydrogen through a 
mixture of fine nickel powder and oleic acid, in order to expose the acid 
to the action of hydrogen and the catalytic substance, connotes the 
resort to every device known to science for making the exposure as 
complete or as frequent as possible, seems to me extravagant. 

I therefore come to a conclusion adverse to the Plaintiffs' contention 
upon their own case; but I do not concur in the construction of the 
Specification put forward on their behalf. It has been contended that 
this is a Patent for a principle, and that if the Patentee shows one way 
of carrying it out he is entitled to claim for all ways. If Normann had 
invented the hydrogenation of oleic acid by help of a nickel catalyst, 
and had given sufficient information in the instance stated to ensure 
success, then I think he could rightly claim all other ways of arriving 
at the result; but here he claims to have invented a method of obtain- 
ing hydrogenation of all unsaturated fatty acids and their glycerides, 
and if his method fails in any one case I think his Patent would be bad. 
Moreover, he claims to be able to secure the result by the use of finely- 
divided platinum, iron, cobalt and copper as well as nickel, and if the 
use of any one of these catalysts is fatal to his process I think his Patent 
is bad. 

There are other matters arising in the action which, having regard 
to the view already expressed, are not necessary for the decision of the 
case; but 1 may say that I think that the evidence shows that the 
temperature at which hydrogenation is attempted is material, not only 
with regard to time occupied in obtaining the desired reaction, but for 
obtaining ^uch reaction at all. It may be that one element of success 
is the mixture of oxide of nickel with the metal. Dr. Liehmann^s 
experiments, were with reduction at a low temperature, 300® to 320® 
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for a short period, one hour, while Mr. Hehner in the experiments 
referred to reduced at 360° for three hours. I think the evidence 
shows that the temperature and time employed by Dr. Liehmann can- 
not be relied upon to obtain complete reduction. It will be observed 
that both Dr. Liehmann and Dr. Passmore, when seeking to demonstrate 
that catalysts prepared in a manner similar to that adopted by the 
Defendants’ witnesses could be used, not only in all cases resorted to 
stirring, but used a much larger current of hydrogen than that used 
in previous experiments. Having heard the evidence upon the point, 
I will add that, could Normann^s Patent have stood, in my judgment, 
the Defendants would have infringed it. 

In the result, I am of opinion that the Plaintiffs’ action fails and 
must be dismissed with costs.* 

As the statement has re{)catedly been made that the British patent to Normann, 
for hardening fats, had been declared void because it claimed a process which had 
become public, property, the Oelwerke Germania * have taken occasion to contradict 
this assertion, (ilairning that the British court held the patent void solely because of 
an insufficient description of the process; thus merely on account of a purely formal 
defect in a iieculiar requirement of the British patent law. This concern observes 
that there are no requirements in the German patent law such as contained in the 
British patent law, and, that in no wise did the British court hold the process to be 
public property; on the contrary, it stated emphatically that if this defect in the 
specification had not been present, judgment would have been given against the 
^(‘fendant for infringement of the patent. The formal defect at fault has, in the 
meantime, been removed by a process peculiar to the British law. The further 
statement is made that the British statute places more extensive requirements on the 
patent specifications than does the German statute, even in such matters as are 
incidental to the specific nature of the invention concerned. In case of insufficient 
observance of these requirements on the part of the applicant for patent, the patent 
may subsequently be invalidated on motion; on the other hand, a patent thus 
declared void may be re-established by removing the defect in the specification or 
by supplementing the specification. 


* Soifen. Ztg., 1914, 1260. 
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Edible Hydrogenated Fats. Patent Litigation. Crisco and 
Kream-Krisp 

Litigation between the Procter & Gamble Company and the 
Berlin Mills Company involving the status of a patent owned by 
the former concern has brought forth many matters of general or his- 
torical interest in the field of oil hardening and the endeavor has 
been made to include here extracts from the briefs of the opposing 
parties, sufficient in extent to embrace what appear to be the more 
important data and discussion. La(?k of space forbids the publica- 
tion of the record in full and for complete details the reader is 
referred to the Court records.* 

The author is indebted to Mr. Alfred M. Allen f I’or a copy of 
the brief for plaintiff and to Mr. John C. Pennie J for a copy of 
defendant’s record, for which thanks are gratefully acknowledged. 

UNITED STATES DISTRICT COURT, 

Southern District of New York. 

The Procter & Gamble Company, 

Plairttiff, 

vs. hi Equity. 

I No. 13-100. 

Berlin Mills Company, 

Dfferida'at. 

BRIEF FOR PLAINTIFF. 

Before Judge Augustus N. Hand. 

Kerr, Page, Cooper & Hayward, 

Solicitors for Plaintiff. 

Livingston Gifford, 

Alfred M. Allen, 

Thomas B. Kerr, 

Of Counsel. 

* Citations to court decisions and the record have been iarRely omitted, 
t Gf firm of Allen &. Allen, Cincinnati, Ohio. 

... , t Of firm of Pennie, Davis, Marvin & Edmonds, New York City. 

. ‘ 
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This suit is for infringement of patent No. 1,135,351, granted to the plaintiff 
as assignee of John J. Burchenal on April 13th, 1915, for a Food Product. The 
bill was filed on December 16th, 1915, the answer filed on January 14th, 1916, 
and an amendment to the answer was filed on September 22d, 1916. The an- 
swer set up a large number of prior publications and patents to show anticipa- 
tion and the prior state of the art bearing on the subject. Bill of particulars 
were granted both parties and the issues narrowed to a certain definite number 
of prior patents and publications and to the first and second claims of the patent 
in suit. Prior to the trial the defendant took a large number of depositions 
de bene esse which have been printed for the use of the court in a book of 410 
pages entitled “ Defendant/s Exhibit, Depositions de bene esse,” which deposi- 
tions were offered and admitted in evidence at the time of the trial. The trial 
began on March 21st and was comi)leted March 29th, at which time the argu- 
ment and filing of briefs was set for April 28th. 

The defenses set up were anticipation, prior invention by one Kayser, lack 
of invention, limitations by Patent Office proceedings, insufficiency of specifi- 
cation and non-infringement. 


The Patent in Suit 

In making the product, the patent says: 

In manufacturing this product cottonseed oil or other vegetable oil is 
caused to cheinicially absorb a limited amount of hydrogen by reacting 
on the oil with hydrogen in the presence of a catalyzing agent and at 
an elevated temperature. 

♦ ♦ * 

The only claims in issue are claims 1 and 2, which are as follows: 

1. A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable oil. 

2. A homogeneous lard-like food product consisting of incompletely 
hydrogenized cottonseed oil. 

♦ « « 

The great benefit of the invention is not mentioned in the patent, but really 
constitutes the basis for an award in favor of the patentee, namely, that it was 
the cr^'ti.ion of a new class of food products of superior quality, free from the 
objections existing against animal products, and was the foundation of a now 
great industry known as the Hydrogenated Food Product Industry, which has 
conferred an enormous benefit upon the public and entitled the inventor to be 
enrolled high in the ranks of its benefactors. 

if * * 

In both the processes of manufacturing Crisco and Kream-Krisp “ the 
amount of hydrogen absorbed is carefully regulated and limited ” by 
the operator, so tliat Crisco is given a melting point of 34 to 36 C., and 
the sample of Kream-Krisp in evidence was given a melting point of 
35.7; the melting point given in the patent being from 33 to 40. By 
stopping the hydrogenizing when the melting point has reached any of 
these degrees, or even a degree slightly in excess, the “ product which 
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cools to a white or yellowish semi-solid ” is obtained, which is specified 
in claims 1 and 2. 

It is thus seen that the gist of the novelty of the process, namely, that 
“ the operation is stopped when the oil has been converted into a product 
which cools to a white or yellowish semi-solid ” is followed by defendant 
in making Kream-Krisp, the same as by the plaintiff in making Crisco, 
and that the melting-point test by which defendant secured this semi- 
solid result was, in the case of the Kream-Krisp in evidence, with the 
range of Crisco melting point, and also the patent in suit melting point. 

Since all three melting points arc within the same narrow range from 
33 to 40, it is inevitable that all three are semi-solid, or lard-like, at 
ordinary temperature, and the evidence shows conclusively, that that is 
what the average cook wants. 

Moreover, by an inspection of the specimens of Crisco and Kream- 
Krisp in evidence the court can see for itself that they are lard-like. 
Certainly no expert is needed for that. 

* * * 

In the infringing manufacture defendant uses the thermometer only to keep 
its product at the desired semi-sohd or lard-like consistency. By the aid of 
the thermometer the hydrogenizing is “ carefully regulated and limited.” If, 
therefore, no test but the thermometer is used in carrying on the 
infringement, why should any other test be applied by the court 
in deciding the question of infringement? And, if any chart is 
desired, why should any chart be used more than the thermometer 
scale? 

On this page we have produced a Centigrade thermometer scale 
from zero up to 70 degrees, and noted thereon the melting points 
of various products. 

It will be seen that on this scale the hard approximately saturated 
cotton-seed oils (60°) and Paal <fe Roth (.59°-6()°) range themselves 
at one end and liquid cottonseed oil stands at the other end, while 
approximately midway range the semi-solid or lard-like in a bunch, 
between 33 and 40 degrees. Of course a slight variation of a degree 
or two above 40 would make no substantial difference. 

* * * 

It appears from the testimony that Burchenal was the first one in 
whose mind the thought ever arose to associate a hydrogenized 
body with food. He was the first one that ever even asked the 
question whether it might be a food, and he was answered by Kayser 
in the negative. He was the one that followed up that question 
by the experiments necessary to determine the answer in the 
affirmative; and having embodied that answer in a successful food compound, 
he was the first to make the additional conception and discovery of the possi- 
bility that it might be a successful food product in still a second form, to wit, 
the partially hydrogenized form. He it was that made the necessary experi- 
ments to answer the question whether this idea was possible or not; and the 
generic conception had been made and worked out in the form of the com- 
pot^il in the spring of 1908, a year and a half before the si)ecific conception 
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was made or worked out in the fall of 1909 in the form of the partially hydro- 
genized product, which is the subject of claims 1 and 2 in suit. 

Burchenal s conception had its rise under the following circumstances : 

Soap makers in England, the Crossfields in particular, had introduced hydro- 
genized cotton seed oil into the soap making industry. 

The plaintiff was engaged in the manufacture of soap in this country, and in 
the fall of 1907 it received a letter from E. C. Kayser, dated Cheshire, England, 
October 18th, 1917, as follows: 

Dear Sirs: 

“ In a few weeks’ time I shall be en route to the States, when I pro- 
pose introducing a new process of the greatest possible importance to soap 
manufacturers. 

I have manipulated this process for the last three years and am the 
only person thoroughly acquainted therewith. 

“ Kindly inform me by the earliest mail if you wish me to call upon 
you in the first instance and if in that case you are agreeable to refund 
railway fares from New York or other port to your city. 

“ Yours faithfully, 

“E. C. Kayser.” 

In response to this letter plaintiff wrote under date of October 28th, 1907, 
inviting Kayser to come to Cincinnati, Def. Dep., p. 208, bringing with him 
samples of hydrogenated material lieing used by the Crossfields in making soap. 

These samples were shown by Kayser to Burchenal, who describes them “ hard 
almost white in appearance,” Def. Dep., Ans. 40, ” a very hard material, had a 
vor> high melting point, had an unpleasant taste” Def. Rep., Ans. 276; “very 
hard, a good deal the appearance of a piece of porcelain or china.” 

Procter & Gamble made a preliminary agreement with Kayser, dated Decem- 
ber 5, 1907, to make what the agreement referred to as ” hardened ” material. 
Thereupon they erected an apparatus for Kayser and he proceeded with his 
experiments. His sole effort was to make a substantially saturated material. 
Burchenal testified: 

” The sole effort was toward making a saturated material. That was 
indicated by its hardness” Def. Dep., Ans. 158. “The effort was to 
m’lke a saturated material and wherever we didn’t get that, we didn’t 
look upon it as a successful operation,” Def. Dep., Ans. 162. “Hard 
material — that was where our effort was at that time.” Def. Dep., Ans. 
164. “There was really no object and no sense in taking them” (sam- 
ples to ascertain the progress of the operation.) “We were trying to 
saturate the material and that was indicated by the absorption of hydro- 
gen. I can’t say we did not take samples, but in the ordinary conduct 
of things there was no occasion to take samples.” 

Kayser’s report of January, ’08, said: 

“ Completion of saturation is indicated by comparison of volume of gas 
in and out of machine. When saturation is practically complete, the gas 
passes through without any apparent reduction in volume.” 

The hydrogenized oil cannot be used as soap without chemical change. It is 
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treated chemically with an alkali, such as potash or soda, or saponified, and it 
is this saponification of the hydrogenized body which is soap. 

The first time that anybody seems to have associated any hydrogenized body 
with food was when Burchenal asked Kayser the question in October or Novem- 
ber, 1907: 

“ I asked him if he thought it would do for edibles, and he said he 
thought not.” 

It is not difficult to realize why it had never been associated with the food 
art before, because as pointed out by Burchenal, “ it did not appear to be 
edible; it was a very hard material, had a very high melting point, had an un- 
pleasant taste.” 

McCaw in referencje to a sample of this Kayser material submitted to him by 
Mr. Procter, says: 

I immediately tasted it, examined its texture, and he asked me if I 
thought a lard substitute could be made from it, that is, if it would 
take the place of oleo stearin. I replied that it would not, giving as my 
reasons that the flavor, structure and material, and its hardness, were all 
unfit for that purpose. 

It should be remembered too that it was already associated with the soap 
making art by the Crossfields, and that to be used as soap it first had to be 
chemically changed or saponified; all of which was antagonistic to any idea 
of its being used without saponification, and particularly for food. Moreover 
to any one familiar with the complexities of cotton seed oil and its hydro- 
genization, the presumption was that it would contain ingredients entirely incom- 
patible with food requirements, and possibly even poisonous. 

Following his own idea, which does not seem to have been shared by any one 
else, that it might constitute a food, Burchenal followed the matter up. He says: 

“ As soon as I saw the material that he (Kayser) brought there, I made 
up my mind that I would endeavor to ascertain if it was edible. I went 
into the thing, I examined the material; we worked on that.” 

Burchenal also proceeded to mix the hard, hydrogenized product with cotton 
seed oil so as to reduce it from its inedible hardness down to an edible semi- 
hardness. He had considerable difficulty in doing this, and sent the hardened 
material down to the McCaw Company in Macon, Georgia, about May, 1908, 
because of their having proper machinery for mixing. At that time the idea of 
the availability of a partially hydrogenized substance had not entered his mind. 
The sole idea up to that time was to completely hydrogenize and then reduce 
the hardness by mixing with cotton seed oil, and Burchenal appears to have 
entertained this idea as the sole means of attaining a food product until about 
a year and a half after he had had his first mixture made, or until the autumn 
of 1909. Burchenal testifies: 

Well, how long after that (after spring of 1908) was it that you first 
produced a food product consisting of an incompletely hydrogenized vege- 
table oil? A. Well, I think our first report on that is some time in 1909. 
I would like to qualify that, however, so as to show that that material 

^ was not iiroduced in a commercial way at that time, and was experimental. 
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Mr. Burchenal says: 

I think 1 am safe in saying that the date on which that material was 
first produced in any appreciable quantities, was after April 26, 1910, 
and in all probability prior to July 1, 1910. * * * In an experimental way, 
I should say about October or November, 1909. 

Morrison (defendant’s de bene depositions, p. 316,) testifies: 

(i, 21. When did you first have the semi-solid hydrogenated cotton- 
seed oils sent to you for examination as to their physical characteristics? 
A. Home time in 1909 was when I first came in contact with it. 

Thus we have brought the history of the rise and progress of Burchenal’s 
invention from the conception of a food possibility, through the various stages, 
down to the making of the product which is the subject of claims 1 and 2 in 
suit, covering a period of upwards of two years from the fall of 1907 until the 
fall of 1909, or the spring of 1910. It was first put on the market in April, 
1911. Taylor, Ans. 11 and the sales thereafter were for 2,600,000 lbs.; 1912, 14,- 
500,000; 1913, 23,800,900; 1914, 40,000,000; 1915, 47,700,000 and 1916, 60,500,000, 
or about 190,000,000 lbs. At the price ruling in 1916, this would make a value 
of over .$34,000,000. 

The various stages of Burchenal’s progress may be summarized as follows: 

1. Fall of 1907. Conceived po.ssibility that the hydrogenated substance might 
be utilized in the food product art, notwithstanding its intrinsic evidences to 
the contrary. 

2. Winter of 1907-8. Discovered the correctness of his conception by inves- 
tigation of the hard, hydrogenized product. 

3. Spring of 1908. Invented a household form embodying said conception 
and discovery (i.e., the mixture or compound which is the subject of his patent 
1,135,935). 

4. From spring of 1908 to fall of 1909. Perfected the compound and intro- 
duced It commercially as “ Flake White.” 

5. Fall of 1909. Conceived of the possibility of the improved form (i.e., 
the partially hydrogenized form which is the subject of claims 1 and 2 in suit.) 

6. Fall of 1909. Invented Crisco as the embodiment of said last conception. 

7. 1C 0 and 1911. Perfected Crisco and introduced it commercially. 

8. 1911 to 1916. Sales of Crisco amounted to over 189,200,000 pounds, 
representing a market value of over $34,000,000. 

He « « 

It is well to pause for a moment to consider how beneficent arc these house- 
hold products. 

From the physiological standpoint they are free from all detrimental ingre- 
dients or properties. Being all vegetable they are so free from the suspicion 
of microbes of animal origin that they are immune from the government inspec- 
tion at the factory of animal food products. Crisco in particular is free from 
indigestible components. 

From the household standpoint Crisco requires a minimum of skill or exertion 
to distribute it throughout the dough, and it remains so distributed throughout 
the cooking operation. It is less susceptible to oxidation and consequent ran- 
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cidity than the liquid oil. It is less susceptible to smoking or burning because 
it can be heated to a higher temperature without doing so. Being lard-like, 
the ordinary cooking recipes requiring lard are satisfied by it, and it can be 
scooped out of its container and measured conveniently and accurately as is lard. 

Added to all the above advantages is the fact that the introduction by Bur- 
chenal of hydrogenized substances into the food product art has enormously 
enlarged the resources of that art and prevented the lard-like food products from 
mounting to prices even higher than those current at the present time. 

* « « 

Up to the time of BurchenaPs inventions such a thing as a hydrogenized food 
industry, or a hydrogenized food of any kind had absolutely no existence. It is 
to Burchenal, and Burchenal alone, that Procter & GamVile owed the knowledge 
enabling them to introduce and establish the hydrogenized food industry. The 
success of that industry is startling, and the benefit to mankind in the enlarge- 
ment of food products is unbounded. The various witnesses in this case coming 
from the other concerns in this industry, such as Swift & Co. and this defendant, 
and the Ward Company, had to acknowledge that they knew of no industry 
of this kind anterior to its being established by Procter & Gamble under the 
Burchenal inventions. 


Novelty 

The prior art consisted of cotton seed oil (1) liquid, (2) solid or hard. 

The liquid cotton seed oil had a melting point of about zero C., and the only 
melting point for the solid hard cotton seed oil given in the prior patents and 
publications was the 56 to 60 C. given by Paal & Roth in the Berichte of 1909, 
Vol. 42. They described it in two ways, as follows: “ A yellowish white, brittle 
mass which melted at 56® to 60°.’’ “ Brittle mass, nearly white in color, which 
melted at 57° to 60 °.” 

Semi-solid or lard-like cotton seed oil was new. 

Defendant contends that in the progressive hydrogenizing from the liquid 
to the solid, the oil passed through the semi-solid state, and that some of the 
samples taken for testing would have been semi-solid. This fact is immaterial 
in the eye of the patent law under the following propositions: 

1. An incidental production while in pursuit of another object, and not excit- 
ing attention, or supposed to possess any value, does not constitute an anticipa- 
tion. 

2. A production not in the food product art cannot anticipate. 

3. A production, the qualities of which were not recognized for the purpose 
of the patent, does not anticipate. 

4. A change, however slight, which capacitates a new result, differentiates 
from an anticipation. 

The samples taken in the course of the prior production of the hard solid 
substance, if any, were in minute quantities in the crude state, and were thrown 
away as soon as tested. Not being intended for a food product they were not 
filtered to remove the catalyst, nor deodorized, nor chilled. 

It‘ appears that the only industrial use made of the knowledge contained 
in the prior art patents and publications was in soap making. Burchenal tes- 
tifies that when he visited the Crossfields in Europe they were using it for soap 
siting (Ans. 319), and when Kayser came to this country from Europe the only 
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use he reported was for soap making (Ans. 267 and 318). Notwithstanding the 
fact that the Normann patent was in 1903, and that therefore the hydrogenizing 
of oil had existed for years, there does not appear to have been even a sus- 
picion either in the patents or publications, or in industrial use of its having 
any application to the art of food products whatsoever prior to Burchenal’s 
conception. 

The prior patents and publications are all in the same category. Their sole 
aim was to produce saturation. This appears on their face. 

Hi * * 

It must be perfectly manifest to the court that the idea that a semi-solid, 
produced by stopping the hydrogenizing at that point, would have utility, never 
entered the mind of any one until Burchenal, much less that it or any other 
degree of hydrogenizing would have any application in the food product art. 

Not only this, but Dr. Baskerville also points out that the knowledge of the 
process of hydrogenation as it existed prior to the date of the Burchenal inven- 
tion would have tended to repel the idea that the product might be edible. He 
says in answer to Q. 186, Rec., page 752, as follows: 

In the Normann British patent No. 1,515, of 1903, there appears on 
Page 2 of the typewritten copy submitted the following: 

“ Apart from the formation of small quantities of nickel soap, which 
may be easily decomposed by dilute mineral acids.” 

That indicates that the product contained something which is not 
regarded as suitable for food and would require special treatment for the 
removal of nickel soaps, a treatment with an acid. 

In the communication of Paal & Roth, from the article occurring in 
Berichte der Deutschen Chemischen Gesellschaft, Volume 42, beginning 
at Page 1541, of 1909, there occurs on Page 1 of the translation submitted 
the following: 

** The hydrogenation of the esters of the unsaturated fatty acids, 
whereby esters of saturated fatty acids were produced, led to a deep- 

* seated change in the properties of the fats, the new products being pul- 
verizable, crystalline masses.” 

On the same page, at the bottom, and at the top of Page 2, appears 
the following: 

“ In accomplishing this, the remarkable fact was established that not 
only were the glycerine esters of unsaturated acids hydrogenated but also 
certain other non-fatty, saponifiable, companion substances which are 
present to a slight extent in the original fats. 

“In our last communication we stated that the reduced cod liver oil, 
with its iodin number 3, no longer showed the characteristic color reaction 
of this oil which depends on the presence of lipochromes. Similarly, 
observations were made with sesame and with cottonseed oil.” 

Further down the page appears the following: 

“Similarly, the very poisonous croton-oil was converted by hydro- 
genation into a perfectly non-poisonous tallow.” 

On page 3 in the same article there appears the following: 

“ We found again, as mentioned in the former paper, that for the com- 
plete hydrogenation of all the fats more hydrogen was required than was 
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theoretically necessary, as indicated by the iodin number of the original 
fat. In some cases this excess consumption of hydrogen was very con- 
siderable. Moreover, we could repeatedly confirm the fact that although 
more hydrogen had been taken up than wa.s to be expected from the orig- 
inal iodin number, so that one would not have expected any more unsat- 
urated acids to be present, still the hydrogenated fat showed an iodin 
number, very small to be sure in some cases. 

“ Naturally the simplest way to account for this excess consumption 
of hydrogen was to assume leakage from the apparatus. This, however, 
is contradicted by the fact that after a while the volume of hydrogen 
remained constant which would not be the case if there was any chance of 
leakage. For this reason, the only way to ac(!ount for the excess hydro- 
gen is to assume that some other reduction took place, as, for example, 
the reduction of glycerides of the oxy-fatty acids or a reduction cleavage 
of the glycerides into aldehyde and alcohol.” 

On Page 7 there appears the following: 

“ As it was of interest to study the phsyiological action of both the par- 
tially and completely hydrogenated oil, two other reduction experiments 
were performed.” 

In this connection I wish to state that one would have been in the 
dark and would not have known what might be present in jairtially hydro- 
genized material. It might have been poisonous, it might have been 
harmless. In fact, evidently Paal was mindful of this, because he took 
precautions to have physiological experiments made. This is indicated 
on Page 13 of this article of the translation: 

“ Cottonseed oil gives the Becchi and Halphen tests which are used 
in food chemistry for detecting the presence of this oil when used as an 
adulterant. The cause of the first reaction is the presence of a small 
quantity of un.saponifiabIe constituent which has not been characterized 
further chemically except that it is capable of reducing an alcoholic- 
ethereal solution of silver nitrate to metallic silver. The constituent of 
cottonseed oil which causes the Halphen reaction (red coloration on heat- 
ing with a mixture of amyl alcohol and sulphur dissolved in carbon disul- 
fide) is also found in the unsaponifiable part of cottonseed oil.” 

On page 14 there appears the following: . 

'' Both the hydrogenated products which we obtained from cotton-seed 
oil failed to give either of the above tests. This shows that the unsaponi- 
ifiable constituents as well as the unsaturated fatty acids are acted upon 
by the catalytic reduction, and in this case the effect was permanent, 
for negative tests were obtained even after the products had stood for 
ten months.” 

* * « 

Infringement 

The infringing Kream-Krisp is represented in this case by the can stipulated, 
with its labels and pamphlet circulars. 

That it is a lard4ike food product appears from inspection, and is clearly 
implied by its label : 

Dr. Baskerville confirms this by testifying that it is a lard-like food product 
an(| i substitute for Crisco. 



EDIBLE ITYDBOGENATED FATS 


639 


That it is homoQeneous is clear upon inspection, l^r. Baskcrvillc so testifies, 
and is not denied in the record. 

That it was made from cotton seed oil by the addition of hydrogen is stip- 
ulj^ted. 

That its hydrogenizing is incomplete in the sense of the patent in suit appears 
from its semi-solid consistency. 

♦ ♦ ♦ 

In any continuous process like defendant’s Moore process, as well as in any 
batch process, the three factors of hydrogenizing, the oil, hydrogen, and the 
catalyst, are brought together, and both defendant’s process and the process 
described in the BuVchcnal patent stop the hydrogenizing at the semi-solid range 
by limiting the time that they remain in contact. Dr. Walker admitted that 
this was done in defendant’s process by regulating the velocity of the flow of 
oil through the catalyzer. The result of the defendant’s operation is described 
by Dr. Walker as he understands it, Ans. 125; Hec., p. 526, and immediately 
in the next answer he admits that in the batch process the result is the same, 
except as to percentages. If any cotton seed oil and hydrogen get through 
defendant’s catalyzer without being catalyzed, the same would be true if the 
batch process were conducted carelessly with insufficient agitation. 

The Moore patent .shows that no substantial amount of hydrogen and oil 
gets through the catalyst without being catalyzed when the apparatus is prop- 
erly constructed, because it acknowledges that such might occur if the dia- 
phragm were cracked. It states that this difficulty has been overcome. It 
says ([)atent No. 1,184,480, p. 4, line 45): “One of the difficulties that 1 have 
met with practically in the operation of an apparatus of this character, having a 
diaphragm of large area has been due to the occasional cracking of the catalytic 
layer, and also due to the expansion of the casing which forms cracks or spaces 
at the outer edges of the diaphragm, through all of which cracks and spaces the 
hydrogen escapes into the lower compartment thereby permitting some of the 
oil to pass through without being reduced, and so reducing the pressure above 
the diaphragm that the gas will pass therethrough in only limited quantities. 
I have* overcome this difficulty by incorporating with the layer of catalytic 
material long-fibered asbestos, as hereinbefore explained, which I find prevents 
the formation of cracks. The difficulty due to the expansion of the casing has 
been overcome by the provision of the ring 51 which clamps the margins of 
the portions of the diaphragm against the outer shell.” 

Defendant’s evidence shows that the diaphragm used by it is built according 
to this improvement, and is therefore such as to overcome, as the Moore patent 
says, the difficulty of “ permitting some of the oil to pass through without being 
reduced.” This accounts for the fact that in most all of the specimens of 
Kream-Krisp tested by plaintiff there was no unchanged cotton seed oil at 
all, and in those where there was any that it was a mere trace, such as about 
1 per cent. It also accounts for the fact that in defendant's circulars they assert 
that Kream-Krisp contains no unchanged oil 

The Halphen Test 

The patent in suit describing the specific product claimed in claim 4, says 
(p. 2, line 7): “it shows no free cottonseed oil when subjected to the Halphen 
test.” Defendant’s witness Richter testified that although the sample of Kream- 
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Krisp in evidence showed no response to this test, yet all other samples of 
defendant’s product which he had tested did respond thereto. Presumably this 
testimony was intended to have some bearing on the question of infringement. 
But while this test is specified in Claim 4, it is omitted from claims 1 and 2 in 
suit and is therefore irrelevant to the present issue. 

The Halphen test, moreover, is irrelevant and immaterial from any practical 
standpoint. It is admitted by everybody that the substance which reacts in 
showing the test is so minute that no one has ever determined exactly what it is. 
It is also proved by Dr. Baskervillte, Ans. 25, Rec., p. 434, and Morrison, Ans. 
53, Rec., p. 781, that it will detect the presence of a mere trace of cotton seed 
oil, as little as 1 per cent or less. Therefore the fact that’ a body responds to 
the Halphen test does not show that it contains more than a trace of cotton 
seed oil, such as could not possibly make any practical difference. 

Dr. Baskerville testifies, Rec. p. 747, Ans. 160-164, that he tested three dif- 
ferent specimens of Kream-Krisp obtained in different parts of the country, and 
that none of them responded to the Halphen test. Morrison, Rec., p. 781, 
Ans. 49-53, testifies that he had tested about a dozen specimens of Kream- 
Krisp and that the majority did not respond to the Halphen test, and the 
minority that did respond gave so faint a response as to indicate the presence 
of only a trace, such as 1 per cent or less, of cotton seed oil. 

Richter is the only one who has testified on this point for defendant, and he 
does not undertake to say the presence of how much cotton seed oil his tests 
indicated, sc that it is fair to assume that it did not indicate any more than the 
trace which Morrison testified to. It is admitted and asserted by defendant’s 
circulars that Kream-Krisp does not contain any unconverted oil at all, as shown 
by the following quotations: 

Kream-Krisp although made exclusively from highly refined vegetable 
oil, contains no oil itself. The oil is completely changed by hydrogenation 
under the influence of heat to a butter-like substance. 

Kream-Krisp alt jugh made from highly refined vegetable oil, contains 
no oil itself. The oil is completely changed to a butter-like substance. 

The conclusion is that even if Kream-Krisp does in some cases respond to the 
Halphen test it is immaterial both from the standpoint of claims 1 and 2, and 
from the practical standpoint. 

♦ 4t Xt 

In almost all chemical cases, particularly those in organic chemistry, one side 
or the other rambles off into theoretical and impractical considerations which are 
totally unnecessary for the decision, and which the experts wrangle about until 
the record of what should be a very simple matter becomes very much confused. 
We are sorry to say that this case is no exception to the abov^. 

♦ ♦ * 

These theories in this case are embodied in the triangular charts produced by 
defendants’ expert, upon which their depositions as to both anticipation and non- 
infringement are based. 

Dr. Ba^erville points out that defendants’ triangular charts would be unobjec- 
tionable if we were investigating the proportional constituents of bodies having 
ezdy three components, such as^ linolin, olein and stearin, because then the 
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three components would be properly represented by the three sides of the tri- 
angle. But where the proportions of components are under consideration in 
substances having more than three, the triangle is obviously inappropriate, and 
any conclusions based upon the triangulation must be misleading. 

The proof of this is easy, because Uf)on a moment's consideration it will be 
apparent that from a practical standpoint, defendants’ triangular charts resulted 
in reductio ad absurdum. 

The absurd conclusion is reached that of three substances, two of which 
(Crisco and Kream-Krisp) are serni-solid and one of which (cotton seed oil) is 
liquid, the two semi-solid substances are further away from each other than one 
of them is from the liquid substance. 

« * « 

Dr. Baskerville summarizes the reason why he chose stearin as the basis of his 
charts as follows, Ans., 309, Rec., p. 775: (1) “ It is the specific substance that 
is mentioned in the Burchenal patent to bring about congealing ...” (2) “ It 

is known to be the factor which is involved in making lard compounds out of 
these hydrogenized products.” (3) “ It is quite evident that what we obtained, 
the results have shown, is in accord with the known facts.” (4) “ Olein and 
linolin are liquids, they are liquids through a wide range of temperatures, and 
we are considering here substances at the ordinary temperatures.” 

We will now take up each of these reasons and explain it more in detail. 

The statements of the patent bearing upon Dr. Baskerville’s first reason are 
as follows: 

“ Saturated fats, however, serve the purpose of congealing the shortening 
within the food, and thus retain it equally distributed throughout the whole ” 
p. 1, line 50. 

“ Sufficient stearin to make the product congeal at ordinary temperatures ” 
p. 1, line 72. 

“Enough stearin to make the product congeal at ordinary temperatures’* 
p. 2, line 24. 

In all of the above statements the congealing or semi-solidifying which is the 
attribute making the product lard-like is associated with the saturated fats, par- 
ticularly stearin, which represents the increase of saturated fat from hydrogen- 
hung. The statement first above quoted that the saturated fats “ serve the 
purpose of congealing the shortening within the food, and thus retain it equally 
distributed throughout the whole” appears from the testimony to be the very 
attribute which, from a practical standpoint, is the reason why the semi-solid or 
lard-like shortening is preferred by cooks to the liquid shortening. Every wit- 
ness on both sides who has mentioned the subject has said that the liquid is 
inferior because of the difficulty in getting it equally distributed throughout the 
dough. 

Since, therefore, the patent specification and the cook agree in laying so 
much stress upon the saturated fats and their congealing or semi-solidifying 
effect, in contradistinction to the liquid, there is certainly every reason for 
dividing the product into the solid and liquid ingredients in making a chart. 

Dr. Baskerville’s second reason is that the saturated fats are known to be 
the factor which is involved in making lard compounds out of the hydrogenized 
product. What he means here is that in the mixtures of Burchenal’s companion 
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patent No. 1,135,935 the praetieal value of tlje mixture over and above liquid 
cotton seed oil is due to the fact that the liquid ingredients on the one hand and 
the solid ingredients on the other hand result in that semi-solidity, or lard-like 
consistency, or congealed condition at ordinary temperatures, which proves to 
be so desirable in mixing the dough. 

Dr. Baskerville’s third reason is that the result he has shown by his charts 
is in accord with the known facts. He means here that we know that Crisco 
and Krearn-Krisp are close together in respect to their semi-solid, lard-like, con- 
gealed at ordinary temperatures condition, and that a chart, as his does, which 
brings them together and separates them on the one hand from things that are 
liquid, such as cotton seed oil, and things that are solid, on the other, is in 
accordance with the known facts. Whereas a chart, su..h is defendants’, which 
separates the semi-solid, lard-like bodies, Crisco and Kream-KriFp, and brings 
either of them together with a liquid body like the oil, is in opposition to known 
facts, and as we have stated above, reduclio ad ahaurdum. 

Dr. Baskerville’s fourth reason is that we are considering here substances at 
the ordinary temperatures, and therefore that it is projier to divide the con- 
stituents between those that solidify below ordinary temperatures and those that 
do not. 

Our adversary will refer to the statement of the patent that the proportions 
are high in olein and low in linolin. 

We have already shown by the file contents that there parts of the specifica- 
tion were inserted with claims 5, 6 and 7. They do not affect claims 1 and 2. 

^ But it would be a mistake to suppose that Krearn-Krisp is not in the direc- 
tion of these statements; — it follows them to a degree. 

Comparing Krearn-Krisp, Crisco and the Burchenal patent product with the 
cottonseed oil from which they are obtained, they are all lower in linolin, higher 
in olein, and higher in stearin. Defendant’s witness Walker admits this (Ans. 
40-51). In other words, relatively to the cottonseed oil from which they are 
obtained, they are all low in linolin, high in olein, and with enough stearin to be 
congealed or semi-solid at ordinary temperature. 

There is no doubt that Krearn-Krisp would be better if it more nearly com- 
plied with the proportions of the parent. If it were higher than it is in olein 
and lower in linolin it would be less liable to oxidation. This is admitted by Dr. 
Walker, Rec., p. 512, Ans. 50, and is testified to by Morrison, Rec., p. 782, 
Ans. 59. But the fact that Krearn-Krisp is an inferior following of the patent 
does not relieve it from infringement, because the law is to the contrary. 

* * * 

The fundamental error of the attack on the patent from the chemical side is 
that it proposes to confine the invention of the Burchenal patent to his preferred 
product as set forth in claims 5 to 7, and entirely fails to distinguish between 
the product as covered in claims 1 aid 2 and the preferred form of the claims 
not in issue. 

The patent has to do with chemically changing the complex glycerides of the 
vegetable oil so as to vary the proportions of the liquid and solid components 
in the oil itself, and thus to produce a food product semi-solid and lard-like. It 
aims to procjuce this change not as in the companion Burchenal patent by solidi- 
fyifig or |aturating the whole body of oil with hydrogen and thus obtaining a 
semiHsolid'^ by dissolving the hard material in additional untreated oil, but by 
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creating the necessary solid at the expense of the liquids in the oil itself until 
the proper consistency of lard is obtained. This conversion and chemical change 
of the liquid components to obtain the lard-like product is the essence of the 
patent in suit, and it is fully and properly protected by the first two claims. 
The change in the components of the oil could not be protected by claims more 
in detail which specify to what extent the components should be changed, or 
prfpsr protection be given to the Burchenal invention in issue by limiting him 
to specific components, as is abundantly evidenced in this very case. 

♦ ♦ ♦ 

The point was to raise the melting point of the original oil so that it would be 
semi-solid, plastic and lard-like at normal temperatures. Burchenal was not 
concerned, in this view of the case, with whether all, or a large part of, the lin- 
olin was changed to olein or whether the linolin was less reduced and the olein 
less increased and the desired consistency was obtained by increasing the stearin. 
The new product must have those proportions of liquid and solids chemically 
created by the treatment to give the desired lard-like quality. The change in 
the oil itself so that no original oil remained was the essential thing. To what 
extent the components were changed so that the desired product was obtained 
was a mere matter of degree. 

There were a number of old methods of hydrogenating. The batch methods 
of Normann k Kayser, the continuous methods of Bedford & Williams, and 
Erdman. In Normann & Kayser, the hydrogen bubbled through the oil and the 
whole mass of oil and catalyst was treated continuously with the hydrogen. 
In the Bedford & Williams method the oil was run through or over the catalyst 
supported on pumice stone, either in an atmosphere of hydrogen or the hydrogen 
was sprayed over the fixed catalyst. In Erdman the oil was sprayed by the 
in 'oming hydrogen just as in the defendant’s appar..tus agairst a rotating cylinder 
plated with the catalyst, and the treated oil was then run through a body of 
catalyst in the bottom of the vessel. 

All of the old methods fully saturated the materials They converted all of 
the linolin and all of the olein into stearin. Burchenal, through Kayser, was 
familiar with the batch method, lie therefore preferred that method of treat- 
ment. Burchenal, however, had a new product in view. He did not change 
all of the linolin and olein to stearin, but carried on the conversion until he had 
made enough solid or saturated material to give him his lard-like hydrogenated 
food product. Because the hydrogenization process was old in no way negatived 
the novelty of his new product, obtained by his special manipulation of that 
process. 

Burchenal obtained a specific product higli in olein, low in linolin and with 
only enough added stearin to give the proper lard-like material, which he cov- 
ered in claims 3-7. If Burchenal had preferred the Bedford & Williams process, 
where the oil is passed continuously across or through the fixed catalyst sup- 
ported on pieces of pumice, he would have obtained, by special manipulation of 
that process, a product which, while responding fully to his invention, might 
probably not have presented the specific changes called for in the specific final 
claims of his patent. So, if he had preferred the Erdman process of spraying 
the oil by the hydrogen against a rotating catalyzed cylinder and he had s[)e- 
cially manipulated that process, he might have obtained still a third species of 
his invention. • 
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Then Moore, of the defendant company, in order to make the Burchenal 
product by chemically changing the component glycerides and creating sufficient 
stearin to obtain the desired lard-like consistency, designs a modified Erdman 
machine of the continuous Bedford & Williams type. In this machine he rotates 
a spray of hydrogen and oil over a fixed diaphragm of catalyst, and in this way 
has a small portion of the oil and catalytic nickel in contact on a moving pie- 
shaped sector portion of his diaphragm, say about ^ of the disk, and a much 
greater portion of his oil, catalyst and hydrogen in contact through the remain- 
ing of his diaphragm. 

This Moore machine was designed a number of years after Burchenal entered 
the field, and for the very purpose of producing an incompletely hydrogenized, 
homogeneous, lard-like food product. Moore, by the use of his machine, thus 
produces exactly the product of the patent, but he obtains a different specific 
change in the components. The only difference between the product produced 
in the Moore machine and that produced by Burchenal is the degree of variation 
of the component glycerides, so that the product of the Berlin Mills Co. is not 
in accordance with the preference of Burchenal. 

The Triangular Charts 

In order to show that the components of the mixed glycerides in defendant’s 
product are different from the specific components of plaintiff’s patent, a fact 
which we do not and never have denied, the defense has introduced its triangular 
charts to visualize the admitted difference between the species of product of the 
final claims of the patent in suit and the species of defendant’s product, both 
of which products, however, fall directly under the first and second claims of 
Barchenal, which claims define the broad and fundamental distinction between 
the patented product and anything which preceded it. 

The triangular chart can only visualize the similarity or difference between 
materials having three components. It is therefore grievously misleading to 
attempt to compare products of four or more components unless we can group 
the components into three parts. 

The essential constituents which make the product lard-like as distinguished 
from a liquid are the added hard materials, not the changed proportions of the 
liquids. The defendant has used its charts to visualize the difference in the pro- 
portions of the liquid glycerides, and as the proportions of the liquid glycerides 
are admittedly different the defendant is able to place plaintiff’s and defendant’s 
products far apart on its charts, but at the same time it has been forced to 
demonstrate how untrustworthy is its method, because, by this method the two 
semi-solids, Crisco and Kream Krisp, are located very much further apart on 
their charts than one of these products is distant from the liquid cotton-seed oil. 

If the triangular chart is to be used at all we should obviously plot the three 
constituents that are the essentials in the products being compared. These three 
essentials are, (a) the liquid components, (6) the original hard component (nof 
sufficient to alter the liquid form), and (c) the added hard material (which is 
sufficient to convert to a semi-solid condition). 

In order tp compare the products in respect to these essentials the plaintiff 
has iritrodnced its chart IV, which is identical with the defendant’s charts 10 
and 14, and plaintiff has plotted the various products in accordance with these 
essentials, making one side of the triangle represent the ordinary solid-fats, 
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another side the added solid fats and the third side the liquid fats (as the plain- 
tiff did not have the enlarged charts of defendants, the lines which divide the 
defendant’s charts 10 and 14 are not all placed on chart IV.). 

As indicated on chart IV, when the various products to be compared are 
plotted, the cotton-seed oil (as there are no added solid fats) appears on the base 
line and the Crisco and Kream Krisp products measured by the amount of added 
solids are brought close together as they should be, while Defendant’s Exhibit 
L 7, which is not any recognized or intentional product of the prior art, appears 
some distance from Kream Krisp and Crisco, and with the Kayser product, 
Exhibit III, near the top of the chart. 

These various products have been plotted with reference to an average cotton- 
seed oil which contains, according to the evidence, al)Out 21.5% of solid fats. 

In the Burchenal patent a cotton-seed oil of only 17 per cent of solid fats is 
mentioned which, from the Morrison testimony, would appear to be an unusual 
oil, as produced generally in this country, although it appears that the pro- 
portion of solid fats in ordinary cotton-seed oil of commerce ranges from 18 per 
cent to 25 per cent. 

We have theretofore indicated on chart IV, the Burchenal product based on 
this rather unusual cotton-seed oil with only 17 per cent of solid fat. 

It seems immaterial to discuss whether Burchenal in testing the cotton-seed 
oil had an unusual grade or not, because it is very evident from the specifica- 
tion that what he proposed was a product in which from 3 per cent, of solid 
fats were added by the hydrogenization in order to give the desired lard-like 
food product. The patent states: 

It contains from 20 per cent, to 25 per cent, of fully saturated gly- 
cerids . . . while the cottonseed oil before treatment contained 17 per 
cent, saturated fats. 

It therefore seems evident that when the various products under investigation 
are plotted with reference to the essential components, dividing them into three 
parts, that is, (a) the original solid fats, (6) the added solid fats and (c) the 
liquid fats, plaintiff’s product Crisco and defendant's product Kream Krisp are 
brought very close together with the Kream Krisp actually lying between the 
extremes of the two Crisco products in evidence; all three of the products lying 
between the extremes of the solid fats to be added in accordance with the patent 
as illustrated in Comi)lainant’s Exhibit Chart IV. 

As it is the melting point taken in connection with the added solid fats that 
determines the semi-solid character of the patented product set forth in claims 
1 and 2 and determines whether the product of the defendant comes within the 
limitations of the terms of those claims, the plaintiff has introduced its chart V, 
in which, on a vertical line, it has indicated the percentages of added solid fats 
from 0 to 100, and on a horizontal line the melting points, Centigrade scale. 

In chart V the position of cotton-seed oil and the Crisco products, Kream 
Krisp, the Burchenal product based on a cottonseed oil of only 17 per cent, 
original solid fats, are indicated also the product L 7 and Kayser Exhibit 3. 
By running a line through the proximate positions of these products as plotted 
on chart V, we obtain a curved line which at the lower end approximates to the 
horizontal and at the upper end approximates to the vertical, giving a rather 
sharp bend between a range of melting points 32 to 40 as specified by Burchenal, 
and showing Kream Krisp and Crisco in almost the same location at the most 
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pronounced portion of the curve. It is very evident from an examination of 
this chart that all the homogeneous, lard-like, semi-solid products will fall in a 
little group at the bend of the curve, which visually indicates the transition 
point from liquid to semi-solid. 

There is still another method of comparing the patented products with the 
product of defendant (this is shown in Plaintiff’s chart VI) in which lines are 
drawn to indicate the proportions of the liquid fats and the solid fats in the 
various products, all that portion of the chart lying below the indicated line of 
any particular product representing the solid components, and that portion above 
the line, the liquid components. Then, by taking the melting points of the 
various products we are again able to plot these products, and the line upon 
which the products lie, as determined by the melting point, is the same as the 
curved line illustrated in plaintiff’s chart V. 

All these methods lead to a common result, that is to say, that by starting 
with cotton-seed oil and creating in the oil additional solids, by partial hydro- 
genation, a homogeneous semi-solid lard-like product is produced. 

♦ ♦ ♦ 


Prior Shortening Materials 

The defendant has taken a large amount of testimony to prove that cotton- 
seed oil itself was an edilile jiroduct and had been used extensively for cooking 
purposes, and also that compounds of cotton-seed oil with beef fats (oleo-stearin), 
had been very largely manufactured and sold for this jiurpose. ’Phe object of 
this evidence is not quite clear, but we assume that its purpose was something 
derogatory to the plaintiff’s case, or to the patentability of the Bun^henal inven- 
tion. Neither of these faints, if true (and we have no reason to question their 
truth), is material to the present case, because it is not contended that cither 
cotton-seed oil or olco-stearin compounds of the same, anticipate the invention 
of the claims in suit. It has never been contended on the part of Bunthenal 
that he first suggested the use of cotton-seed oil either as an edible product or 
as a cooking material. But the prior knowledge and use of the.se materials do 
not cliange the fact that Bundienal produ(;ed from cotton-seed oil a new mate- 
rial which has enormously extended the use of cotton-seed oil in the food indus- 
try, and which has large advantages over its use either alone or combined with 
oleo-stearin. Moreover, the partially hydrogenated product of the patent in 
suit is recognized in the commercial world as a distinctly different product 
from any other cooking material on the market (see Richardson, in answer to 
questions by the Court). 

In connection with this evidence of the prior use of cottonseed oil and oleo- 
stearin compounds, defendant examined Dr. Bacon as to the subsequent use by 
the Ward Baking Company in making bread, of a shortening material consisting 
of hard hydrogenized cotton-seed oil like plaintiff's Exhibit III. finely ground 
and thoroughly mixed with flour. It developed in the course of the cross-exam- 
ination of Dr. Bacon that this material was patented to one Esterbrook, the 
patent being owned by the Ward Baking Co. From the claims of this patent 
it appears that the invention consisted merely of comminuted hardened oil 
mixed, with floqr. It is used by mixing it in proper proportions with the flour 
of wl^ch the bread is made. The evidence with regard to this material shows 
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that it was not equivalent to the hydrogenated product of the patent in suit 
and that it was of much later date, Dr. Bacon testifying that the Ward Com- 
pany begali using it in 1914 or 1915. 

Both the cotton-seed oil and the Ward-Esterbrook material, one a liquid and 
the other a dry ix)wder, require to be mixed very thoroughly with the flour 
with which it is combined for cooking, and the merit of each material depends 
upon the thoroughness of this mixing. It has been shown by the testimony of 
Miss Hanko on the part of jdaintiff in rebuttal, that this fact constitutes a very 
great olijec/uion to the use of these materials, and, while it is possible to utilize 
them for shortening material in place of lard and lard compositions, such prac- 
tice' is not within the range of the patience and ability of the ordinary house- 
wife 

The most serious olijection to the use of the liquid cottonseed oil as a shorten- 
ing material is tlie fact that it affords no moisture within the dough, while it 
decreases by 50 per cent, the amount, of water or milk required to make the 
proper consist, ency of the batter, and, as a result, the steam generated in cooking 
which IS needl'd ior raising the dough to give it its light and flaky character 
when cookcHl, is alisent. The consequence is that it is necessary to use expen- 
sive baking powder in (Connection with the oil to accomplish this result. 

As to the hard material, it cannot be u.sed in frying withimt leaving a coating 
on the product, and the hardened material is indigestible because it cannot be 
acted upon in the digestive processes until it is in nuclted condition. If it 
remains unrnelted at the body temperature, all the authorities hold that to that 
('xtent it is indigestible, or at least is very imnch harder to digest than the semi- 
solid cooking fats. 

It plainly appears from the evidence that the partially hydrogenized semi- 
solid product is the best of all the cooking materials discussed in the case. In 
Part I., supra, we have recited from the patent in suit various advantages it 
has over (he best leaf lard, and necessarily th^'rofore over compounds of cotton- 
seed oil and oleo-stearin. Mr. Morrison was examined by the plaintiff in reliuttal 
on these points, and states with regard to such advantages that in his opinion 
such statements of the jiatent were true when the appliccation was filed, and 
that they are also true to-day (Morrison, Rec., p. 782, Qs. 61-70). Thus, he 
says that the oil does not make the best shortening, that the hard fats were 
not as digestible as liquid fats, that the semi-solid of the patent in suit more 
closely resembles lard than do the commercial mixtures of cotton-seed oil and 
oleo-stearin, that in many respects the semi-solid product is superior to leaf lard 
as a shortening, that it is not so liable to become rancid and that the product 
can be heated to a considerably higher temperature without smoking or burning. 

The testimony of (luy B. Taylor as to the commercial introduction and gen- 
eral acceptan(;e of plaintiff’s patented produc^t shows sales rising from two and 
half million pounds during the latter part of 1911 progressively from year to 
year up to sixty million pounds in 1916. This is eloquent testimony to the 
intrinsic value of the product and its relative merit as to jirior and competing 
materials. 

Defendant is not in a position to assert that the hydrogenized semi-solid 
product is not of superior merit to the various cooking materials to which the 
evidence above referred to relates, for in its pamphlets in evidence it takes the 
ground that its prcnluct Kream Krisp, which is a hydrogenized semi-solid made 
from cotton-seed oil, is superior not only to lard, but also to compounds of 
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cotton-seed oil and oleo-stearin; indeed, to all other shortening materials on the 
market, laying particular stress upon the fact that it will not turn rancid, does 
away with beef stearin, has a high smoking point, is free from adulteration and 
contains no hard fats or oil, but is completely changed by hydrogenization to a 
butter-like consistency, has a low melting point and is easily assimilated by the 
digestive organs. 

No evidence has been offered on the part of the defendant questioning the 
merit in any of the above particulars of plaintiff’s patented product over these 
prior cooking materials, nor has it been claimed that defendant’s hydrogenized 
product is any better or different in these respects from that of the plaintiff. 

We think it is quite evident that not only is this testimony offered by defend- 
ant in regard to the character and use of these other cooking or shortening 
materials, wholly immaterial to the present issue, but that the record establishes 
the superior merit of the plaintiff’s partially hydrogenized semi-solid product, 
not only over these prior materials, but also over the best leaf lard itself. 

Conclusion 

In conclusion, we submit that Burchenal was the first to conceive and 
utilize hydrogenated cotton seed or other vegetable oil for edible purposes; that 
he was the original and first inventor of an homogeneous lard like food product, 
consisting of an incompletely hydrogenized vegetable oil, as set forth in claims 

1 and 2 in suit, and the father of the hydrogenized oil food industry; that the 
plaintiff was the first to introduce the said food product into public use and has 
effected a very wide and extensive introduction of the same and thereby con- 
ferred a great benefit on the public; that the invention set forth in claims 1 and 

2 in suit is new, not having been publicly used, or patented, or described in any 
printed publication, prior to the invention or discovery there by BurchenaK 
that the claims in suit are not limited, either by their own terms, or by the prior 
art, or by the accepted rules of construction, to the specific product set forth in 
the specification and claimed in the other claims of the patent; that plaintiff 
by reason of the premises is entitled to a broad construction of said claims in 
suit; that defendant by the manufacture and sale of “Kream Krisp ” has 
infringed the claims in suit; and that, therefore, the plaintiff is entitled to a 
decree as prayed in the bill. 

April 28, 1917. 

Kerb, Page, Cooper & Hayward, 

Solicitors for Plaintiff. 

Livingston Gifford, 

Alfred M. Allen, 

Thompson B. Kerr, 

Of Counsel. 
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UNITED STATES DISTRICT COURT. 
Southern District of New York. 


Procter & Gamrle Company, 
Plaintiff, 
vs. 

Berlin Mills Company, 

Defendant. 


In Equity, No. 13-100. 

On Burchenal Patent No. 1,135,351. 


BRIEF FOR DEFENDANT. 


John C. Pennie, 
Solicitor for D^endant. 

Marcus B. May, 

John (1 Pennie, 

Counsel for Defendant. 

Foreword 

This caso involves food fats, one of the three life sustaining elements, which 
consist, of proteins, carbohydrates and fats. 

The use of fats and oils of animal and vegetable origin is primarily that of a 
food, although to a more limited extent such fats are employed for the manu- 
facture of soap, candles, lubricants and illuminants. Edible fats may be divided 
into table and culinary fats. “ Table fats are those like butter and table oils, 
which are ino^t commonly used as an accompaniment to food to secure a desired 
flavor or texture, and culinary or cooking fats are those which are incorporated 
with other foods (as shortening) or used as a medium for cooking foods, as in 
frying.” 

The alleged new product which forms the subject matter of the patent in suit, 
belongs to the second class, to wit, culinary or cooking fats; and 

it is at last an article which pertains to the cooking art; an art, if it may 
be properly called an art, which is as old as the discovery of the uses of 
fire, and as varied in its exemplifications as the sands of the sea . . . 

(Lurton, C. J. in Sanitas Nut Food Co. vs. Voigt 139 Fed., 551, 
553. 

It is said to be a “food product consisting of a vegetable oil, preferably cot- 
tonseed oil, partially hydrogenized and hardened to a homogeneous white or 
yellowish semi-solid closely simulating lard.” As will be shown, there have been 
on the market for many years as staple culinary fats, food products consisting 
of cottonseed oil hardened to a homogeneous white or yellowish semi-solid closely 
simulating lard by the addition of stiffening agents, such as oleo-stearine or a 
hard vegetable fat. As illustrating the extent to which such “ lard compounds ” 
or “ lard substitutes ” as they are called, are produced, the record shows that 
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Swift & Company alone manufacture and sell between 250,000,000 and 500,000- 
000 pounds annually of such food products. 

The stiffening or hardening of cottonseed oil by hydrogenation is not claimed 
as new in the patent in suit, for this was common property, and semi-solid fats 
produced by the hydrogenation of cottonseed and other vegetable and animal 
oils were also common property, before the alleged invention of the patent in 
suit, as the patentee concedes. 

In the very nature of things it appears at the outset that the product of the 
patent in suit involves only the selection of a known fat for a use “ as old as the 
discovery of the uses of fire.” 


Parties 

The plaintiff, Procter & Gamble Company, an Ohio corporation. 

« « <tc 

The main business of the plaintiff was and is the manufacture of soap, and 
since March, 1909, it has been also engaged in the manufacture of a lard sub- 
stitute (Flake White) which however is not the alleged new product of the patent 
in suit, and since May, 1911, it has also been engaged in the manufacture of 
Crisco. 

The defendant, Berlin Mills Company, is a Maine corporation having mills 
at Berlin, New Hampshire, for the manufacture of paper and wood pulp. For 
the purpose of utilizing a by-product — hydrogen— produced in the manufacture of 
bleach, it built a plant for the hydrogenation of oils, and by September, 1914, 
placed upon the market a lard substitute, Kream Krisp, which is alleged to 
infringe the patent in suit. This material is produced by a novel process and 
apparatus which are covered by defendant’s patents. 

Defenses 

In this case, the defendant relies upon two defenses, to wit: 

(1) The patent in suit is invalid and void; and 

(2) the defendant’s product does not infringe the claims sued on. 

Under the first defense, the defendant submits that the patent is invalid and 
void: 

(a) because the patentee failed to comply with the provisions of Section 4888, 
TJ. S. Revised Statutes, which require such a written description of the product 
claimed and the method or producing it as will enable one skilled in the art 
without experiment “to make, construct, compound and use the same”; 

(b) because of new matter inserted in the specification and claims during the 
prosecution of the application which resulted in the issuance of the patent in suit; 

(c) because if there be any modicum of invention in the claims of the patent 
in suit — which the defendant denies — it is not the invention of the patentee, 
John J. Burchenal, but is the invention of Edwin Cuno Kayser, who disclosed 
it to said Burchenal; and 

(d) for want of pat-entable subject-matter. 

Under the second defense, that of non-infringement, the defendant urges: 

(a) That by reason of restrictions and limitations imposed upon the specifica- 
tion and claims in order to secure their allowance, the claiihs must be construed 
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narrowly to a product having certain definite physical and chemical constants 
different from those of defendant's product — Kream Krisp; 

(b) that Kream Krisp is not a homogeneous lard-like food product consisting 
of incompletely hydrogenized vegetable (cottonseed) oil, within the meaning of 
the claims; 

(c) that the claims must be limited to a product produced by the process 
described in the patent specification, and, since Kream Krisp is produced by a 
different process, it does not infringe; particularly as 

(1) defendant’s process cannot produce the product described in the patent in 
suit; and 

(2) the process described in the patent in suit cannot produce defendant’s 
product. 


The Patent in Suit 

The patent in suit to John J, Burchenal, No. 1,1.35,351, was applied for on 
November 10, 1910, and was issued April 13, 1915. It is not contended that 
defendant infringes claims 3 to 7, inclusive, which are directed to the product 
specifically described in (he specification, the plaintiff relying only on claims 1 
and 2. 

The specification des(;ribcs a process of hydrogenating cottonseed oil, by agi- 
tating a mixture of oil and catalytic nickel, when heated to a temperature of 
about 155° C. in the presence of an atmosphere of hydrogen, and stopping the 
reaction when the producJ, on cooling is a white or yellowish semi-solid. 

It is conceded by Burchenal that he is not the inventor of that process of 
hydrogenation described in his specification, and is not the inventor or dis- 
coverer of the semi-solid fatty products i)roduced by such process. 

The Kayser patents, 1,004,035 and 1,008,474, which are conceded to be prior 
art by Burchenal, describe in detail the process briefly referred to in the Bur- 
chcnal patent specification and also describe the production of both solid and 
semi -mild products of any desired consistency by the hydrogenation of cotton- 
seed oil. Various other patents and publications of the prior art, as will be 
shown, describe the hydrogenation of cottonseed and other oils into both solid 
and semi-solid products or fats. 

The Burchenal patent presents no claim for the process of hydrogenation, 
and no claim in luiec verbis for “ a semi-solid product produced by the hydro- 
genation of cottonseed or other vegetable oil.” The two claims in suit, however, 
specify 

A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable (cottonseed) oil; 

and by referring further to the specification, there is given a description of this 
specific food product, to wit: one “which is high in olein, low in linolin and 
lesser saturated fats and with only enough stearine to make the product congeal 
at ordinary temperatures” page 2, lines 22-27; or, more especially, one con- 
taining “ twenty to twenty-five per cent, of fully saturated glyccrids, from five 
to ten per cent, linolin and from sixty-five to seventy-five per cent, olein. 

The specification, however, is silent as to any method for producing this 
particular “ lard-like ” food product. It assumes that such product will be pro- 
duced by the particular process set forth in lines 80-92, page 1 of the specifica- 
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tion. It assumes, apparently, that the semi-solid product produced by that 
process will be subjected to the same treatment that fats are ordinarily sub- 
jected in making lard or lard compounds, for the specification describes no after- 
treatment of any kind to give to the product the salve-likc consistency of lard, 
or the appearance of Crisco, so-called. The specification does not suggest 
the clarifying, deodorizing, refrigerating and aerating processes to which lard 
substitutes arc subjected. D. R., 70-71, Qs488-495. Nor docs the specifica- 
tion suggest that the cottonseed oil, which is to be treated, should be prelimi- 
narily refined. The percentage of catalyst to be used, and the extent of the 
pressure of hydrogen in the hydrogenating vessel are omitted. All these matters 
arc treated in the patent as immaterial, the only directions given being to stop 
the process “ when the oil has been converted to a i)roduct which cools to a 
white or yellowish semi-.solid. ..." A dilemma is thus presented. Either any 
white or yellowish semi-solid produced by the hydrogenation of cottonseed oil - 
(for example, that des(iribed in the Kayser patents is a “ homogeneous lard-like 
product," containing 20-25% stearin, 05-75% olein and 5-10% linolin; or else 
the patent fails to describe how the product is to be produced, in accordan(;e 
with the requirements of Section 4888, U. S. Revised Statut-es, as will be here- 
inafter more fully elaborated. 

In the first case it is to be observed that the patent in suit, while referring to 
“ a vegetalile oil " or to “ other vegetable oil," actually describes the treatment 
of cottonseed oil only, and obviously the product described is only that pro- 
duced by hydrogenizing cottonseed oil, or else the semi-solid products pro- 
duced by the hydrogenation of all vegetable oils must have the profiortions of 
component glycerides recited in the specification. There is either, therefore, no 
difference between claims 1 and 2, or else claim 1 is for an abstraction — a gen- 
eralization — and as such is void or invalid. Claim 2 likewise being for the same 

product which is defined in the specification as having the certain proportion of 
component glycerids and the other identifying characteristics noted in the spe- 
cification, must be limited thereto, or else it, too, is a mere abstraction or gen- 
eralization and directed to what is manifestly old and open to the pubhc gen- 

erally. 

♦ « * 

Where the patentee fails to enlighten those skilled in the art how to practice 
the invention he has failed to promote the useful arts, because when his patent 
expires the public is no better off than if the patent had never been granted. 

In the present case, as we shall show, the patentee not only seeks to exclude 
the public from the enjoyment of rights which the public had acquired from 
prior inventors and discoverers, but seeks to do this on a patent which is fatally 
defective, — first, because of the unlawful inclusion of new matter, and, second, 
because the patentee has failed to disclose to the public any method of pro- 
ducing the product specifically described as having 20-25% stearin, 65-75%. 
olein and- 5-10% linolin in its composition, or a product having “a high per- 
centage of olein, a low percentage of linolin and with only enough stearin to cause 
the product to congeal at ordinary temperatures/' 

» * « 

The rfecord fails to show that the product of the patent in suit has ever been 
produced oommereially even by the plaintiff itself. 
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Crisco 

The product Crisco, which the plaintiff manufactures, and which was placed 
on the market in May, 1911, admittedly does not embody or contain the pro- 
portions or percentages of component glycerides which the patentee Burchenal 
specifies in his patent. The affidavit filed by Burchenal on March 5, 1917, inti- 
mates that the product as originally described in his specification as filed, “ would 
necessarily ” or “ must have ” (to use the Examiner’s words) the composition 
20-25% stearin, 65-75% olein and 5-10% linolin; and Crisco, therefore, doe.i 
not contain the alleged invention of the patent in suit. It follows that the 
extent to which Crisco may have been made and sold, is immaterial to the pres- 
ent case. 

Furthermore, Crisco is made in part by secret processes — the secrets of which 
are “ jealously guarded.” There is no complete statement in this case as to how 
“ Crisco ” is actually manufactured. Defendant’s counsel were denied the right 
to see it made, or the machinery employed in its production, or the processes 
employed in its manufacture; and no one but the plaintiff knows now how to go 
about it to produce Crisco. 

* « « 


Morrison conceded that Crisco docs not have the composition recited in the 
patent in suit. 

Patent in Suit Crisco 


range 

Stearin 20-25% 
Olein 65-75 

Linolin 5-10 


range 

26 -27.3% 

67.8-52.9 

16.2-19.8 


Crisco, as thus conceded, does not have the percentage of olein (65-75%) 
and the percentage of linolin (5-10%) which the product of the patent in suit 
“ must necessarily ” have, and is not the alleged new product of the patent in 
suit. 

It is obvious, therefore, from this brief survey of the patent in suit, which will 
be amplified hereinafter with the admissions and concessions of Burchenal and 
other officers and employees of the plaintiff, that the patent is a menace to the 
public, that it is a raid on the public rights, and that the Court should declare 
it void. 

Tliis patent in suit is part of a general plan to deprive the public of any right 
whateM^r to use hydrogenized fats for culinary purposes. The plaintiff has 
another patent. No. 1,135,935, issued to Burchenal on April 13, 1915, and which 
was filed coincidently with the patent in suit. On patent No. 1,135,935, a 
suit has been brought and is now pending against Swift & Company of Chicago, 
Richardson, XQ76, T. R., page 563. That patent purports to cover any lard- 
like edible hydrogenized oil or any edible product comprising a mixture of any 
hydrogenized oil with any unhydrogenized pil. There are 14 claims, of which the 
first four read as follows: 

1. A lard-like composition comprising edible hydrogenized fatty oil. 

2. A lard-like composition comprising edible hydrogenized vegetable oil. 

3. An edible oil product, comprising hydrogenized cottonseed oil and 
edible oily material blending therewith. 

4. An edible oil product of lard-like consistency, comprising edible 
hydre^enized oil and edible oUy material blending therewith. 
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By claiming any lard-like " edible hydrogenized fatty oil " and any oily mix- 
ture containing hydrogenized oil in the one patent, and any edible lard-like 
“ partially hydrogenized vegetable oil ” in the patent in suit, the plaintiff com- 
pany apparently seeks to exclude the public from its right to use, for edible or 
cooking purposes, any hydrogenized oil — and yet Burchenal admittedly did not 
invent any process of hydrogenation and did not invent or discover either fully 
or incompletely hydrogenized oil products, and did not invent anything to make 
such products available for edible or cooking purposes. 

* * 

One of the chief concerns of many governments to-day, including our own, is 
to supply their people with food fats sufficient to sustain life. But this plaintiff 
is seeking to make private gain from the world need. It asks this Court to aid 
it in excluding from the use of the public as food products those fats which prior 
to Burchenal’s appearance had already been dedicated to the public for all the 
purposes to which they might be put by those men to whom belongs the credit of 
their discovery and production. 

* * * 

In reviewing the history of hydrogenation, the brief states olein and linolin 
are both liquids, the latter having a solidification point much lower than the 
former. The saturated glycerides are solids, and are soluble in the unsaturated 
glycerides. But of the two unsaturated glycerides, linolin is capable of dissolv- 
ing or holding in suspension a greater quantity of stearin than is olem. Hence, 
in those fatty bodies which are solid or semi-solid at ordinary temperatures, the 
stearin, olein and linolin are in such proportion that the stearin is not in sus- 
pension or in solution. The stearin may be either present in larger jiroportion 
in the fat than in the oil; or the linolin may be so decreased and (5onsequcntly 
the stearin so thrown out of solution as to solidify the mass. 

The same phenomenon appears when cottonseed oil, which consists of stearin, 
olein and linolin, is chilled. As the solvent power of the olein and linolin 
decreases with the lowering of the temperature, the saturiitcd glycerides appear 
visibly, and by filtration they may be retained in the filter and the liquid glycerides 
olein and linolin separated therefrom. Now, when the oil, — say, for example, 
cottonseed oil, which consists of linolin, olein and stearin (stearin and palmitin 
grouped together as “ stearin "), — is subjected to the “ batch method,” or Nor- 
mann method, of hydrogenation, the linolin, which is more unstable of the two 
unsaturated glycerides, because it has iwo double bonds, is acted on first and is 
converted to olein. If the hydrogenation is carried on long enough, however, 
the olein is also affected, and at last both the linolin and the olein are converted 
into stearin. But during the progress of the reaction, the proportion of olein is 
gradually increased with the corresponding gradual decrease in linolin, and the 
viscosity of the oil is gradually increased until it assumes a semi-solid condition. * 
This may or may not be accompanied by an increase in the proportion of 
stearin. In the patent in suit, for instance, the preferred semi-solid product 
described therein is said to consist of 23% stearin, 69.5% olein and 7.5% lin- 
olin, — or generally 20-25% stearin, 65-75% olein and 5-10% linolin. It is 
conceded by Dr. Baskerville that cottonseed oil, according to an analysis given 
by him, may consist of 23.3% stearin, 28.9% olein and 47.8% linolin. Hence, 
to produce the preferred product of the patent in suit, the 47.8% of linolin in 
the original oil must be reduced to 7.5%, and the 28.9% of olein in the original’ 
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oil must he corrcspoudiiigly incrciised by the hydrogenation to 09.5%, and this 
conversion of linolin to olein should produce a semi-solid i)roduct. 

* « « 

But ordinarily in the batch process of hydrogenation, while the proportion of 
olein is i)eing rapidly increased, there is also a small increase in the proportion 
of stearin. This is shown by the various samples produced by the defendant — 
particularly the series of samples Lb el seq., terminating in (Le) and (L?), Ex- 
hibits A'B', which have the following composition: 



L« 

Lt 

Per cent saturated glycerides 

39.9 

40.5 

l*er cent olein 

56.2 

55.6 

Per cent linolin 

3.9 

3.9 


In this case, starting with the original oil, the saturated glycerides have been 
increased from 23.3% to 39.9% in one case, and to 40.5% in the other. 

The extent to which an oil or fat is saturated may be ascertained by finding 
how much iodine will be taken up by a given quantity of the oil or fat, for the 
iodine has the capacity of breaking the double bonds of the unsaturated glycer- 
ides and attaidiing itself thereto. If the fatty body will take up no iodine, it is 
said to have an “ iodine value ” of zero. Oleic a(;id has an iodine value of 90. 
Linolic acid has an iodine value of 180; i.e., by rea.son of its having two double 
bonds, linolic acid can take up twice as much iodine as oleic acid which has but 
one double bond. Cottonseed oil has an iodine value of 108 to 110, and the liquid 
fatty acids of cottonseed oil (i.e , the mixture of oleic acid and linolic acid after 
they have been sefjarated from their glycerine molecules) have an iodine value 
of 147 or 148. Incidentally, one knowing the iodine value of the original oil 
or fat, and the iodine value of its liquid fatty acids, is able, by a simple mathe- 
matical formula, to ascertain the proportions of linolin, olein and saturated gly- 
cerides of such original oil or fat. One of the ways, therefore, in which an oil 
or fat is recognized, is by ascertaining its iodine value, as oils and fats have 
certain characteristic or identifying values. 

* « 

The various common oils and fats used for food or culinary purposes consist 
mainly, as already stated, of the glycerides of linolic and oleic acids and the 
glyceric* of the saturated acids, palmitic and stearic, which are commonly 
grouped together and termed stearin. ^ 

There are traces of the glyceride of arachidic acid in cottonseed oil, but ara- 
chidic acid is a saturated acid and its glyceride is grouped with those of the other 
saturated acids under the term “ stearin " or saturated fats. 

The proportions in which these component glycerides are found in the various 
oils and fats differ. In lard, for example, we find 43% saturated glycerides, 
8 to 10% linolin, and 48 to 50% olein, in olive oil, about 11% stearin, 8% 
linolin, and 81% olein. 

* * « 

The Prior Art 

The catalytic hydrogenation of oils was first described by Dr. Wilhelm Nor- 
mann in British patent No. 1515 of the year 1903 (Defendant's Ex. Book page 
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94) and in the corresponding Gennan patent to LePrince & Siveke No. 141,029, 
Published May 4, 1903 (Ex. Book page 102). There is no corresponding United 
States patent, and the hydrogenation of oils in accordance with the Norinann 
process and the products i)roduced thereby are accordingly public property in 
this country. 

Dr. Normann, in his patents, refers to the prior work of Sabatier and Sen- 
derens in hydrogenating various unsaturated hydro-carbons, and then states, 
beginning at line 27 of page 2. 

1 have found, that it is easy to convert by this catalytic method 
unsaturated fatty acids into saturated acids. ... It is sufficient, how- 
ever, to expose the fat or the fatty acid in a liquid condition to the act ion 
of hydrogen and the catalytic substance. 

For instan(;c, if fine nickel powder obtained by reduction in a current 
of hydrogen, is added to chemically pure oleic acid, then the latter heated 
over an oil bath, and a strong current of hydrogen is caused to pass 
through it for a sufficient length of time, the oleic acid may be com- 
pletely converted into stearic acid. 

The quantity of the nickel thus added and the temperature are imma- 
terial and will only affect the duration of the process. Apart from the 
formation of small quantities of nickel soap, which may be easily decom- 
posed by dilute mineral acids, the reaction passes off without any secon- 
dary reaction taking place. The same nickel may be used repeatedly. 
Instead of pure oleic acid, commercial fatty acids may be treated in the 
same manner. The yellowish fatty acids of tallow, which melt between 
44 and 48° C. and whose iodine number is 35.1, will, after hydrogenation, 
melt between 56.5 and 59° C. while their iodine number will be 9.8 and 
their colour slightly lighter than before, and they will be very hard. 

The same method is applicable not only to free fatty acids, but also 
to their glycerides occurring in nature, that is to say, to fats and oils. 
Olive oils will yield a hard tallow4ike mass; hnseed oil and fish oil will 
give similar results ” (Italics ours). 

* « * 

Normann describes his final product, produced by this progressive reaction 
from olive oil, as a hard “ tallow-like ” mass. Ordinary tallow, as Dr. Bacon 
points out, is of a somewhat semi-solid character, comparable with lard, 
and is one of the common cwking fats. Hence, Normann describes his final 
products by comparison with a common food fat, and Dr. Bacon has testified to 
the fact that, — 

If an edible olive oil was started with, one would certainly obtain an 
edible hydrogenated product. 

4> * * 

Dr. Bacon has also testified that the Normann process is a commercial process 
which he has seen in use in this country on a commercial scale, and he is cor- 
roborated in this by Dr. Richardson. The underlying and pioneer nature of the 
Normann patent and process, upon which the world-wide industry of hydrogenized 
oils is based (whether these hydrogenized products be used for food, soap, candles, 
lubricants, or other purposes) has been emphasized by counsel for the plain- 
tiff in his cross-examination of defendant's expert. Dr. Bacon. 
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Normann, in his patent, does not deserihe the piiri)oses for which his hydro- 
genated fats are intended l>ut leaves them to be inferred by those skilled in the 
oil and fat industry. 

♦ ♦ ♦ 

Dr. Bacon has testified also that at the Larkin plant various degrees of hard- 
ness and of saturation are obtained in the commercial practice of the Normann 
process, and thai these products, although edible, are nevertheless used for soap 
purposes. 

* * 

The brief then refers to Sabatier and Senderens work and to the Bedford 
thesis. 


* * * 

Fokin, in his first publication of 1906 (J. Russ. Phys.-Chem. Soc. Vol., 38, 
pages 419-446), describes first, the hydrogenation of oleic acid and other fatty 
a(!ids to various coribistencies and degrees of incomplete hydrogenation. In 
(‘xperiment 28, he also describes the hydrogenation of almond oil and he states 
that after one hour be obtained a product of 30° titer (page 26 of translation, 
Ex. F). As the result of this experiment, with almond oil Fokin concludes: 

Thus, the reaction proceeds with glycerides also. 

In his second article of 1906 (ibid, Vol., 38, pages 755-758), Fokin further 
describes the hydrogenation of unsaturated fatty acids and glycerides, by carry- 
ing out the hydrogenation under pressure. With respect to the glycerides, he 
states: 


The reduction of glycerides proceeds worse than that of free acids 
but nevertheless it is not difficult to convert linseed oil or any other drying 
oil whatever into substances with small iodine numbers, at first into 
products of the tyjie of sunflower oil or poppy oil, and then into products 
analogous to sesame oil or cottonseed oil. 

Almond and olive oil undergo a metamorphosis into fats corresponding 
to beef or mutton dripjdngs. 

Oils with large iodine numbers require a longer time, but at the final 
end they also give solid fats. (Italics ours). 

Dr. Bacon points out that “ beef and mutton drippings is what is known as 
beef tallow and mutton tallow; that is, the rendered fat of beef or mutton,’’ 
and that such products are “ very close to the lard range in melting point and 
actually used by many people for cooking and shortening purposes.” 

Dr. Bacon also points out that the iodine values of linseed oil, sunflower oil, 
and cottonseed oil, are respectively about 185, 120 and 110, so that when Fokin 
describes the conversion of linseed oil into products of the type of sunflower 
oil and then into products analogous to cottonseed oil, and finally into sub- 
stances with small iodine values, he is describing a progressive reaction and 
degrees of hydrogenation far short of completion. T. R. 673. The above quo- 
tation from Fokin thus shows a clear appreciation by him of the gradual and 
progressive nature of the reaction, resulting in the gradual and progressive low- 
ering of the iodine value, with the formation of various intermediate products 
which were comparable with natural products of like iodine values; and Fokin 
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clearly indicates that the various vegetalde oils (including linseed, olive and 
almond) will give u|K)n hydrogenation not. only oils of lower iodine values hut 
also solid and seniisolid fats and products with small iodine values. Fokin thus 
describes clearly the production of intermediate products of all degrees of hydro- 
genation, from the original oil to the final hard fat, as a necessary and inevitable 
consequence of his process of hydrogenation. 

In this second Fokin publication, Fokin also describes the hydrogenation of 
oleic acid to various degrees of saturation, and to products of various solidifying 
points, e.g., 54.5°, 46.5°, 3^24°, 61°, 45-44°, 64-62°. 

In his third article, published in 1907, Defendant's Ex. Book, page 114 Fokin 
further describes the hydrogenation of oleic acid, croton oil and almond oil. In 
the case of oleic acid he describes several exi)eriments which show the gradual 
and progressive nature of the reaction and the gradual and progressive conversion 
of oleic acid into a product of progressively increasing content of stearic acid, 
the actual percentage of stearic acid produced being stated after various time 
intervals. 

In his fourth article, published in 1908 Ex. F, Fokin further describes the 
gradual and progressive nature of the hydrogenation of fatty acids and glycerides, 
giving many examples, and showing that the absorption of hydrogen is gradual 
and progressive. In fact, Fokin measured the progress of the reaction and found 
it to be of such a progressive nature that it is capable of representation graph- 
ically by plotting curves. These curve.8 arc found on pages 307 and 313 of 
the original Russian article (J. Russ. Phys-Chem. Soc. Vol., 40) and on page 
1497 of the German article (Zeit. Angew. Chem. Vol., 22). In experiments, 16 
and 17, of this fourth article, Fokin describes the hydrogenation of sunflower 
oil, also an edible oil and shows that it also undergoes a gradual and progressive 
hydrogenation, as indicated by the hydrogen absorption. 

In their British patent No. 2520 of 1907, Bedford and Williams describe the 
catalytic hydrogenation of various organic substances, including fatty acids and 
their esters. They note that the hydrogenation of oleic acid results in the 
bleaching of the product, as well as its hydrogenation; and they point out that 
the product of their process is white and requires no further treatment (page 4, 
lines 13-16). With respect to linseed oil (a vegetable oil), they state — 

Linseed oil is converted in a solid with solidifiying point 53° C. 

* « 

On July 11, 1908, Paal & Roth published an article in the Berichte der 
Deutschen CSiemischen Gesellschaft (Vol. 41, pages 2283-2291) in which they 
describe the hydrogenation of fatty acids and glycerides with the aid of col- 
loidal palladium as a catalyst. Touching the reduction or hydrogenation of 
glycerides, they state Defendant's Ex. Book, pages 122, 123): 

The Reduction of the Fats. 

The animal and vegetable fats and oils are, as is well known, mixtures 
of the glycerine esters of saturated and unsaturated fatty acids; some of 
them contain in addition the glycerine esters unsaturated oxy-fatty acids. 
The ratio in which the ^ycerine esters are present in the separate fats 
is only relatively constant, it varies within certain limits. All fats with- 
out exoeptkm contain glycerides of unsaturated acids in the presence of 
^ . glyoerifies of the saturated acids. The amount of glycerides of unsat- 
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urated acids is determined on the basis of the quantity of iodine or chlor- 
ine which they will take up. 

The Hubl Iodine Number, which gives the quantity of iodine in per 
cent of the amount of fat under certain definite conditions and which 
in food chemistry plays an important part in detecting adulteration and 
in the identification of the fats, is within certain limits, constant for each 
individual fat. According to the amount of glycerides of unsaturated 
acids contained in a fat the iodine numbers of different fat varies between 
8 and 180%. 

• ♦ ♦ 

The above-described transformation of oleic acid into stearic acid led 
us to expand our experiments to include the fats also. We chose as our 
starting material at first two vegetable fats, castor oil and olive oil, and 
an animal fat, cod liver oil, which have high iodine numbers and are 
therefore rich in unsat\irated fatty acids. ... By measuring the quan- 
tity of hydrogen absorbed and by determining the iodine number of the 
reduced fats, by the process usually employed in food chendstry, we could 
follow the progress of the hydrogenation and determine the end of the pro- 
cess. (Italics ours.) 

Paal & Roth describe several experiments where they did in fact follow the 
progress of the reaction and noted the amounts of hydrogen absorbed at periodic 
intervals, the same as did Fokin in his 1908 publication. Paal & Roth started 
their hydrogenation at ordinary temperature, and followed it until the hydro- 
genation stopped, and they found it was necessary then to heat the reaction 
vtjssel to make the reaction continue. They explain this as follows: 

An explanation of the effect of heating can be found in the fact that as 
the hydrogenation takes place, the product formed is solid at the ordinary 
temperature and separates out in the form of crystals which hinder the 
action of the colloidal palladium upon the oil. By heating, the crystals 
are liquefied and the hydrogenation again starts. 

This explanation is in connection with the hydrogenation of olive oil, and not 
only does it show an appreciation of the gradual and progressive nature of the 
process, but it also shows that of necessity there was obtained by this reaction 
a seifu-solid and incompletely hydrogenated product, solidifying at ordinary 
temperatures, but far from being completely hydrogenated; for even after heat- 
ing and further hydrogenation they obtained from the olive oil a product still 
incompletely hydrogenated which softened at 43 and melted at 47. They state — 

The iodine number of thp hydrogenated fat was 9; this shows that 
the original oil had been hydrogenated to a considerable degree but that 
complete hydrogenation had not taken place by any means. 

In their second article of May 8, 1909, in the same publication (Vol. 42, 1641 
to 1653), Paal & Roth further describe their work, and state,— 

Besides castor oil, and olive oil, which were studied in our first com- 
munication, we have experimented with the vegetable fats, croton oil, 
sesame oil, cottonseed oil, linseed oil, as well as animal fats as represented 
by butter, lard and oleomargarine. With these fats also it was rare that 
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we Muld at once accomplish a complete hydrogenation down to an iodine 
number of 0. But when the partially hydrogenated fats were subjected 
to another reduction, it was possible, in most eases, to accomplish com- 
plete hydrogenation. 

In addition to thus emphasizing the progressive nature of the hydrogenation 
and pointing out that products of greater, as well as of lesser, degrees of incom- 
plete hydrogenation are possible, they note the improved properties of the 
hydrogenated fats, as to their rancidity,— 

In contrast to the natural fats, which on standing naturally become 
rancid more or less rapidly, the hydrogenated fats show an extraordinary 
stability. After being kept for six months or a year in loosely stoppered 
bottles they remained entirely unchanged and had no rancid odor or taste. 

With respect to croton oil, these authors note, — 

The reduced fat had entirely lost the terrible burning taste of croton oil. 

Not only did they thus taste the product, but they studied the physiological 
action of the partially and completely hydrogenated croton oil and found that 
the hydrogenation had converted the poisonous croton oil into a hydrogenated 


when adinmistered internally in a very large dose caused no diarrha-a or 
mflammation with a rabbit or with a dog, 

and hence was non poisonous. 

With olive oil Paal & Roth repeated the hydrogenation, in the same pro- 
gressive manner described in their 1908 article, carrying out the reaction in two 
/ iodine value was reduced from SI to 30 7 

(about half way) and during the second stage from 39.7 to zero. The gradual 
and progressive nature of (he process is emphasized by the fact that the complete 
hydrogenation required 29 hours time. 

With sesame oil, Paal & Roth followed the progress of the hydrogenation by 
noting the hydrogen absorption at various time intervals. 

Cottonseed oil was similarly hydrogenated, and with it, as with the other oils 
the reaction propssed at ordinary temperatures until “ the fat globules began to’ 
soliiWy out, whereupon the reaction vessel was warmed and the progress of the 
reaction continued. Thus with cottonseed oil, as with olive oil, Paal & Roth 
describe the production of incompletely hydrogenated products solidifying at 
ordinary temperatures. j & 

PmI & Roth note also that the hydrogenated cottonseed oil fails to respond 
to the iialphen test. 

They alto hydro^nated butter, lard and oleomargarine, three of the best 
toown The hydrogenized butter had “a slight pleasant nut-like 

taste Md after standmg nine months there was no sign of any ehange in the 
product. Another hydrogenated butter had a melting point of 39.5^1 and 

incompletely 

Paal 4 Roth thus hydro^ated most of the common oils and fats used for 
f^purposes. They noted the freedom from rancid taste and odor of the 
hydrated firts even after long standing. Only in the case of the poisonous 
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croton oil did they consider it necessary to make a direct statement of their 
physiological tests (made in the usual manner in which such tests are com- 
monly made to ascertain whether a product is poisonous or edible) and in this 
case they observed that the hydrogenated product was no longer poisonous but 
was rendered innocuous by the hydrogenation. They also called attention to 
the absence of “ the terrible burning taste of croton oil ” in the hydrogenated 
product. 

« * * 

Erdmann, in his German patent No. 211,669 of 1907 (published July 13, 1909). 
Defendant’s h]x. Book, page 105, describes, in Example 3, the hydrogenation of 
a low melting tallow of solidification point 31® into a harder tallow of solidifi- 
cation point 38°, which, as Dr. Bacon points out, is a product “ still very far 
short of complete hydrogenation.” Completely hydrogenated tallow would have 
a solidification point of about 55 or 60°. Tallow, as pointed out by Dr, Bacon, 
is one of the common food fats. 


Kayser 

Edwin Cuno Kayser is the patentee of U. S. patents No. 1,004,035, granted 
September 26, 1911, on an application filed March 20, 1908, and No. 1,008,474, 
granted November 14, 1911, on an application filed Feb. 18, 1910. Both patents 
were granted to The Procter and Gamble Company (the present plaintiff) as 
assignee and have since been transferred to the Hydrogenation Company. Q258- 
262, 1). R., page 35. The applications for these patents were prosecuted before 
the Patent Office by the same attorneys who prosecuted the application of the 
Burchenal patent in suit, as appears from the file wrappers in evidence. Ex. G 
and H, and both applications were filed long before the filing of the ai)plication 
for the Burchenal patent in suit. These Kayser patents will expire some four 
years prior to the expiration of the Buridienal patent in suit, and the right to 
practice the processes of these patents and to produce the products of such 
processes will then become public property. 

Burchenal has testified that the Kayser applications were filed with his knowl- 
edge and approval, and he has expressly disclaimed inventorship of any of the 
processes or parts thereof described in the siDecifications of these two Kayser 
patents. 

* 4> « 

Kayser came to this country in November of 1907, and went immediately to 
Cincinnati, where he began negotiations with the Procter & Gamble Company, 
through their General Manager Burchenal, to interest the Procter & Gamble 
Cvompany in a process which he had manipulated for some three years; a process 
whi(!h he said he alone was thoroughly familiar with, and which was “ of the 
greatest possible importance to soap manufacturers,” the Procter & Gamble Co. 
being then soap manufacturers. It appears that Kayser began his work on the 
catalytic hydrogenation of oils in 1904, a year or so after the publication of the 
Normann British and German patents in 1903, and that Kayser’s work, before 
coming to this country, was at Joseph Crosfield & Sons, Limited, of Warrington, 
England. D. R. 11, Q57-59; 28, Q191; 64, Q449, 207; and 211, Q9. Cros- 
fields were naturally much put out about Kayser leaving them and coming to this 
country, D. R., 154, Q164, since, as Kayser states in his letter of October 18th, 
he alone was thoroughly acquainted with the manipulation of the process which 
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he had been using for three years and which he proposed to introduce in this 
country as a process “ of the greatest {^ossilde importance.” 

As was to be expected, un(ier the circumstances, Kayser brought with him 
samples of the products which he had been producing at Crosfield’s, and it was 
these products which he showed to Burchenal. At least one of these products 
was produced by hydrogenation from cottonseed oil. D. R., 9-10, 39. Bur- 
chenal had no knowledge or interest in hydrogenation prior to this time. D. R., 
227-228. It is Burchenal’s assertion that the products Kayser brought with 
him were very hard, but the only written record of any of these products is of a 
product “ which showed an iodine value of 52.26 and a melting point of 39.3® C.” 
D. R., 122, last paragraph. It is indeed significant that the only record of any 
product which Kayser brought to this country from Crosfield’s in fhigland had 
a melting point of 39.3“ C. and an iodine value of 62.26. This product, which 
Kayser showed to Burchenal, had a melting point within the range of melting 
points given in the specification as filed of the Burchenal patent in suit, and 
within the range now given in the patent in suit. The iodine value of said 
product is less than 3° lower than the k)wer limit of iodine values of the Bur- 
chenal patent in suit, and far closer than is the iodine value of the defendant’s 
product Kream Krisp to the upper limit of iodine values of the patent in suit. 
If one may then judge from the report of Dr. Bender, Procter & Gamble’s 
chemist at the time, and from the records of Procter and Gamble, the only 
samples from Crosfield’s which Kayser brought to this country are the samjiles 
having a melting point and iodine value which correspond to those of the 
Burchenal patent in suit. It is evident that Burchenal cannot (tlaim that he is 
the inventor of any hydrogenized oil or fat such as that which Kayser brought 
to this country and showed to him. 

After the preliminary negotiations and the building of a small plant for his 
process at the plant of Procter and Gamble in Cincinnati, Kayser gave a demon- 
stration of his process which is described in certain notes or reports which are 
reproduced at pages 120-124 of the deposition record. These notes describe 
the Kayser process in detail, as it was disclosed by Kayser to Burchenal and to 
Anderson, and as it was practiced and demonstrated by him. The process is in 
all essentials identical with that described in the Kayser patents Nos. 1,004,035 
and 1,008,474 above referred to. In demonstrating his process Kayser produced 
products of varying degrees of hardness, as indicated by the following melting- 
points: 55.5“ C.; 60.3“ C.; 55“ C.; 60“ C.; 42“ C.; 43° C.; 59.8“ C. 

The apparatus which was built for Kayser, and in which he demonstrated 
his process to Burchenal, was completed and operated in January, 1908. D. R., 
11 Q61; 122, Q851. Burchenal was quite familiar with the apparatus at the 
time and observed its operation at various times in the early part of 1908. 
D. R. 90, Q601-604, and he was also familiar with the reports made by Kayser 
to Anderson: 

Q385. And reports were made by Mr. Kayser to Mr. Anderson? 
A. Yes, sir. 

Q386. And it was from Mr. Anderson that you obtained your knowl- 
edge of the reports? A. Oh, no; I was in touch with them daily. 

Burchenal thus knew everything that Kayser was doing; and in particular 
he knew of the reports of Kayser, with which he was in contact daily. The; e 
which are in evidence, are few in number. One of them, that of March 
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6, 1908, describes the hydrogenation of cottonseed oil, to given products with a 
melting point of 42° C. and 43° C., respectively, D. R., 124, 125, Q853. An- 
derson, to whom these reports were made, has testified that these reports were 
absolutely true at the time they were made, D. R., 170, QlOO, and that Kayser 
was left absolutely to his own initiative in the carrying out of his process and 
every facility provided him. 

« « * 

The Kayser process, as described in Kayser’s reports, and in the Kayser pat- 
ents, has been demonstrated by defendant’s witness Richter in the presence of 
counsel and experts for the plaintiff. The catalyzer was conceded to have been 
produced in accordance with the process used by Kayser, T. R., 591, and the 
apparatus and conditions of operation used were those of the Kayser reports and 
the Kayser patents. These experiments are described by Richter, and the pro- 
priety of the procedure or the apparatus was not questioned on cross examina- 
tion. The oil used was refined cottonseed oil, the same as Kayser used in the 
demonstration of his process to Burchenal early in 1908. The reaction was 
noted as being a gradual and progressive reaction and the oil was gradually 
increased in hardness as the reaction proceeded. T, R., 608, Qs225-226. This 
was in fact to be expected from the very nature of the process, which involves 
the bringing of films or a spray of the oil and catalyst progressively into an 
overlying body of hydrogen in order that the necessary contact between the 
hydrogen, catalyst and oil may take place and in order that the reaction may 
proceed. Samples were taken from time to time during the progress of the 
process and these samples which have been produced in evidence show clearly 
the gradual and progressive nature of the reaction. As with the series of sam- 
ples produced by Dr. Walker, Ex. M, so the series of samples produced by Rich- 
ter by the Kayser process show a gradual and progressive hardening or satura- 
tion and a gradually increasing melting point. The two experiments demon- 
strating the Kayser process were called respectively the “ K-run ” and the “ L- 
run.” The series of samples are marked respectively: K-0, K-1, K-2, &c., 
and L-0, L-1, L-2, &c. The L-run was for the purpose of producing the products 
of melting point of 42° C. and 43° C., respectively, which Kayser produced and 
showed to Burchenal on March 5, 1908. These various samples and their 
melting points, as well as the time required for their production, are shown in 
the following table: 


No. of Sample. 


K-0 

0 


K-1 

17 min. 

K-2 

27 


K-3 

37 

u 

K-4 

42 

II 

K-5 

57 

II 

K-6 

72 

II 

K-7 

77 

u 

K-8 

123 

II 

K-9 

303 

II 

K-10 

480 

II 

K-11 

715 

II 


Melting Point, 
liquid (cottonseed oil) 
liquid 
liquid 


90.5° F. 

32.5° C. 

92.5 

33.6 

95.4 

35.2 

101.2 

38.4 

100.5 

38. 

106. 

41.1 

115.8 

52.3 

121.0 

46.5 

126.2 

49.4 


K- AND L-RUNS (KAYSER PROCESS). 
Time. 



564 


APPENDIX 


No. of Sample. Time. Molting Point. 


L-0 

0 

liquid (cottonseed oil) 

L-1 

1 hr. 

liquid 


L-2 

2 “ 

97.5 

36.4° C. 

L— 3 

3 “ 

103.0 

39.4 

L-4 

3i “ 

106.0 

41.2 

L-5 

3| » 

106.8 

41.8 

Lr^ 

3 hr. 50 min. 

107.8 

42.1 

L-7 . 

4 hr. 5 min. 

108.9 

42.8 


« * * 

*rhe products designated Lr-6 and L-7 are the products which correspond, 
within a small fraction of a degree, to the products of melting point 42® C. and 
43° C., which Kayser produced and showed to Burchenal on March 5, 1908, 
D. R., 124, as above pointed out. The iodine values of these two products 
Iv-6 and L-7 are respectively 55.4 and 54.5, which correspond to the iodine 
value 55 found as the lower limit of iodine values in the Burchenal patent in 
suit. These two products L-6 and L-7 therefore have the same melting points 
and iodine values as the product of the patent in suit, as such product wa.s 
defined in the application when filed, since this application as filed gave no other 
directions for producing the product than to stop when the product had a melting 
point of 36 to 43° C.; and such products were stated to have an iodine value of 
55 to 80. Nevertheless, and even though these samples L-6 and L-7 corre- 
spond in melting point and iodine value with the products of the Burchenal 
application as filed, their composition, as indicated by their content of saturated 
glycerides, olein and linolin, is quite different from that introduced into the 
Burchenal application by amendment and now found in the Burchenal patent, 
as will appear from the following comparison. 

Burchenal Paienl 

L-6. L-7. 

Melting point (application as filed) 36-43 42.1 43.1 


Iodine value 55-80 55.4 54.5 

Saturated glycerides 20-25% 39.9 40.5 

Olein 66-75% 56.2 65.6 

Linolin 5-10% 3.9 3.9 


The composition of these two products, L-6 and L-7, is shown on triangular 
chart 403. D. R., 609. It may be here noted, as is pointed out elsewhere in 
the brief, that the Kayser process followed in producing these products L-6 and 
Ir-7 is the same process described in the Burchenal patent in suit, and that the 
Burchenal patent gives no other directions for the production of a product 
having the composition specified in the patent than those which were followed 
in the production of L-6 and L-7. The semi-solid product of the patent, there- 
fore, cannot be produced without experimentation and without ascertaining the 
necessary conditions for its production; and the product having the composi- 
tion stated in the patent is not accordingly the product originally described and 
having the melting point and iodine value originally stated. 

The samples L-6 and L-7 are edible, T. R. 592, Q134; 611, XQ259; and 
l^icbtfr has testified that he has made many products by the same process and 
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of a similar nature and that they all proved edible. T. R. 611, XQ263. Upon 
aeration of these products L-6 and L-7, by laboratory methods, to approximate 
those in which lard and lard substitutes are aerated by passing over the chilling 
rolls and aerating with pickers, these products are converted into a “salve-like 
product ” of lard consistency as appears from Exhibits Ol and D-1, and 
from Richter’s testimony. 

The product L-3 has a melting point of 39.4, which is almost identical with 
the product of melting point 39.3 which Kayser brought to this country from 
Crosfield’s and showed to Burchenal. This product is even softer in consistency 
than the samples L-6 and L-7, as is to be expected from its lower melting point. 
The samples K-6 and K-7 are also of a like melting point to that of the product 
which Kayser brought to this country and showed to Burchenal as one of the 
products (and the only product so far as the records of Procter and Gamble 
show) of the process which he desired to exploit in this country and which he 
represented to Procter and Gamble as a process as “ of the greatest possible 
importance.” 

The history of hydrogenation at Procter and Gamble’s will be dealt with more 
in detail in a subsequent portion of the brief; and it will be shown that edible 
hydrogenized cottonseed oil was used in making lard substitutes and that such 
lard substitutes were sold in large quantities by Procter and Gamble long before 
the alleged invention by Burchenal of the food product of the patent in suit; 
so that such lard substitutes are also a part of the prior art so far as the Bur- 
chenal patent in suit is concerned. In the present discussion of the Kayser 
process, as a part of the prior art, we have shown that the Kayser process, as 
well as the batch processes of Normann, Fokin, and Paal and Roth, is a grad- 
ual and progressive process and a process which inevitably and of necessity gives 
all the intermediate products between the original oil and the final and ultimate 
degree of saturation which may be aimed at. We have also shown, by pro- 
ducing the products which Kayser brought to this country and showed tu 
Burchenal, and which Kayser produced on March 5, 1908, and showed to Bur- 
chenal, that they were edible products, as Burchenal in fact concedes, and that 
these products correspond to the product of the Burchenal application, as filed, 
of the patent in suit. In Kayser’s actual demonstration of the process in 1908, 
as Burchenal has testified, samples were taken from time to time, just as sam- 
ples were taken from time to time in the K- and L-runs above referred to. Bur- 
cb^nal in fact states that the taking of samples from time to time was the reg- 
ular procedure in experimental work. D. R. 17, QslOO-lOl. Burchenal also 
appreciated that the Kayser process was a progressive reaction during which the 
hydrogen was gradually absorbed, the oil gradually hardened, the iodine value 
gradually decreased, and the solidification point gradually raised. D. R. 21, 
(^8133-136. Anderson has similarly testified that the Kayser process is a grad- 
ual process and a progressive reaction,- the oil gradually changing from a liquid 
to a semi-liqudi consistency and then to a relatively hard consistency. 

* « * 

Kayser had been manipulating his process for three years before he came to 
this country and he himself stated in his letter, D. R., page 207, that he was 
thoroughly familiar with it. He brought to this country samples of a melting 
point of 39.3® as representing the products produced by his process; and on the 
basis of these samples, and perhaps others of which there is no analytical record, 
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he induced Procter and Gamble to sidetrack other work in order to give him the 
right of way to demonstrate his process by which such products could be pro- 
duced. 

« • 

The only oil particularly referred to in the Kayscr patents is cottonseed oil; 
and the evidence shows that this is the only oil that he hydrogenized in his 
early work in this countty, as well as one of the oils which he hydrogenized and 
brought to this country with him. It was moreover refined cottonseed oil that 
Kayser used in all his work after coming to this country in 1908. D. 11., 167, 
Q869-73. 

♦ * « 

Kayser finally concluded his work in this country and returned to England, 
lie is now a stockholder in the Procter and Gamble Company. D. R., 51, 
Q376. The defendant in this case, misled into believing that Kayser was no 
hnger in the employ of the Procter and Gamble Company or subject to its 
control, T. R,, 639, went to great exi)en8e and trouble in an attempt to find 
Kayser and find out from him about his work in this country; and a repre- 
sentative was sent to England in war time to interview liayser, only to find, 
after long delay and much difficulty, that Kayser’s mouth was closed. We now 
know that Kayser has l)een in the employ of Procter and Gamble continually 
and that he is under agreement with them not to disclose any information 
regarding anything he did while in their employ. Similarly an attempt was made 
to find out from Crosfields about the work which Kayser did before coming to 
this country. But Crosfields’ mouth was also closed. We now know that the 
relations of Crosfields with the Procter and Gamble Company are such that, 
in the language of Burchenal: 

We would consider it a breach of faith if they (Crosfields) disclosed any 
information regarding the hydrogenation of fats, to the competitors of the Procter 
and Gamble Company. 

The only information, therefore, which we heve about Kayser’s work in this 
country and his relations with Burchenal, is the oral testimony of officials of the 
plaintiff company and the rc[X)rts of Kayser’s work which are in evidence; and 
the testimony of Kayser’s friend and only confidant, Clarence von Phul. 

After Kayser had completed his work in this country and had returned to 
Europe; after he had demonstrated his process, had produced his products, 
and had made his final contract; after he had been made a stockholder in the 
Procter and Gamble Company; and after Crosfield had in 1909 been paid a 
large sum of money for their rights in this country, D. R., 153-155, Kayser left 
this country in Jidy of 1910. D. R., 116; Q818. After Kayser was thus out 
of the way, and had been placed under contract not to disclose anything he 
did in this country; then, and only then, did Burchenal, in November, 1910, 
file the application of the patent in suit and claim the semi-solid product of 
Kayser's process as his (Burchenal’s) invention. 

It will possibly be urged on behalf of plaintiff that the semi-sofid products 
which Kayser made on March 5, 1908, of a melting i>oint of 42 and 43° C., 
were not produced intentionally and were not considered to have any value. 
But such a contention is of no persuasive force, inasmuch as among the products 
which Kayser brought with him to this country and showed to Burchenal, was 
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one shown by Procter and Gamble’s own records as having a melting point of 
39.3° C., exhibited by him, with the others, as products produced by his process, 
which he had ref)reaentcd as “ of the greatest possible importance.” In respect 
of the products of a melting point of 42 and |3° C., produced by Kayse’’ on 
March 5, 1908, these products were produced by Kayser and shown to Burchcnal 
and Anderson, and Anderson’s report describing these products and their melting 
points was considered of such value that it was kept as one of the very few 
reports of the work which Kayser did. 

* « « 

Plaintiff’s Contention as to Prior Art Untenable 
1. UtUily. 

Dr. Baskerville contends that any product of a degree of hydrogenation short 
of substantial completion is not described or suggested in the prior art as having 
any utility whatsoever. T, R., page 758, Q190. He does not contend that the 
completely hydrogenized products were not recc^nized as having utility. He 
assumes on the contrary that these products were for use in making soap or 
candles. T. H., page 750, Q182. If he concedes that oil technologists, or 
those skilled in the fat and oil industry, had sufficient information to employ 
the hydrogenated products in the manufacture of soap and candles by exercising 
the skill of their calling, he is illogical in not further conceding that in the 
exercise of that same skill they recognized the utility of the hydrogenated fats in 
the production of food products. 

But it cannot be of imtwrtance whether the investigators of the prior art 
actually described, or even knew of, all the uses to which their products could 
be put, for, as a matter of law, they are entitled to all the uses thereof whether 
they described or conceived of such use or not, as has uniformly been held by 
the courts. 

4 > * « 

It follows, as a conclusion of law, that Normann, Fokin, Bedford and Williams, 
Paal and Roth, Erdmann and Kayser, were entitled to use their respective 
products, in any of the various degrees of hydrogenation in which they might 
be produced, for any of the uses for which they were adapted, whether they 
described or conceived of all of such uses or not. 

And just as inventors are entitled to all the uses of their inventions whether 
they had conceived of or described such uses or not, so the public is entitled to 
all the uses of things which are public property. 

* * « 

It logically follows that Burchenal could not patent the old hydrogenized fats 
of the prior art, as food products, merely because he was the first to describe 
their use for that purpose; for, under the decisions above cited, the new use of 
and old thing does not make the thing itself patentable, even if such use had 
not been proposed before. And this would be true even if the old products 
were not known to be edible, or were even considered inedible. 

« « « 

The hydrogenized products of the prior art are, in fact, edible, and this is not 
denied, but conceded. 
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And yet Dr. Baskerville stakes the plaintiff's whole case upon the alleged dis- 
covery 

that the partially hydrogenated oil itself could be used directly as a food. 
T. R., 757. 

II. Degree of Hydrogenation or Saturation. 

Dr. Baskerville contends that the aim and object of the investigators of the 
prior art was complete saturation; that the idea of partial saturation seems to 
him to have been incidental; and that the stopping of the process to give a 
serai-solid product was not taught in the prior art. T. R., 758. Yet the pro- 
cesses of Normann, Fokin, Paal and Roth and Kayser, were all of a gradual 
and progressive naturae, and were so recognized and described; and, as a neces- 
sary step in carrying out such processes, all the various intermediate degrees of 
partial hydrogenation were obtained. Fokin, Paal and Roth and Kayser all 
point out how the reaction can be followed step by step, and Kayser specifically 
states that semi-solid products are obtained if desired. Dr. Baskerville cannot, 
in the face of these prior disclosures, be heard to deny that semi-solid and in- 
completely hydrogenized oils of different consistencies were, in fact, produced and 
described. Apparently Dr. Baskerville did not know that the product Kayser 
brought to this country and showed to Burcdienal as the produ(;t of a process 

of the greatest possible importance " was a semi-solid of melting point 39.3° C. 
and iodine value 52.26, and he did not recall the teaching of the Kayser patents. 

« * * 

That it is an obvious thing to stop the hydrogenation half way, or at any 
other intermediate point, instead of carrying it to completion, and that anyone 
would naturally know, and as a matter of course did know, that this could be 
done, without knowledge of the patent in suit, and without invention, is indicated 
(in addition to Kayscr's disclosures) by the following excerpt from the British 
patent to Paal No. 5188 of 1911, which counsel for plaintiff was the first to 
quote as interpretive of the prior art and which was published long prior to the 
grant of the patent in suit. 

The reduction process may also, of course, be carried on in such a 
manner that only partial reduction ensues. These partially reduced 
fats then exhibit a lowered mating point and a consistency resembling 
ointment. 

The degree of hydrogenation can be determined by ascertaining the 
iodine value. (Italics ours.) 

* 4> * 

An unprejudiced view of the hydrogenation of oils for food purposes is found 
in Bulletin 469 of the Dept, of Agriculture, entitled “ Fats and Their Economic 
Use in the Home ” by Holmes and Lang, Scientific Assistants, Office of Home 
Economics, published Dec. 15, 1916. This Government publication was first 
quoted by Dr. Baskerville as an authority, T. R., 746, and was introduced in 
evidence by the defendant as Exhibit P2. Defendant's Ex. Book, pages 151- 
177. 

The following is found on pages 14 and 15. Ex. Book, pages 164-165. 

Hardened vegetable oils, technically known as hydrogenated oils, which 
have muqh the same consistency as lard or butter, have been put on the 
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market within recent years. They are commercial possibilities owing to 
the fact that as a result of a long series of laboratory experiments, processes 
have been discovered by which oils may be transformed into a product of 
any desired hardness by chemically adding hydrogen to them. This 
reaction takes place, for instance, when finely-divided nickel hydrogen 
and the oil to be hardened are intimately mixed under proper conditions. 
The nickel does not enter into the composition of the hardened fat, 
but is removed and used repeatedly in the preparation of other batches. 
The hardened oils are generally white in color, have no appreciable odor 
or taste, and are less likely to become rancid than the original oil. (Italics 
. ours.) 

Burchenal made no “ laboratory experiments " and “ discovered ” no “ proc- 
es.ses ” which resulted in such “ commercial possibilities.” Normann, Fokin, 
Bedford, Paal and Roth made the experiments and discovered the processes, and 
published these to the world. Burchenal has done nothing to “ advance the 
progress of science and of the useful arts ” that would entitle him to take away 
from these prior experimenters and discoverers the fruits of their labors, and 
from the public its birthright. Yet to permit his patent to stand would be to 
deny Normann and the other prior investigators and patentees the right to put 
to the chief use of fats — that as food — their hydrogenated products, in the 
vnrious degrees of saturation which they describe. 

♦ ♦ ♦ 

III. Use of Hydrogenized Fats for Food. 

Dr. Baskerville argues that the teaching of the prior art repels rather than 
suggests the use of hydrogenized oil for culinary purposes. In support of his 
contention, he gives his reasons which may be briefly condensed and discussed 
as follows: 

1. He suggests, by inference, that the hydrogenized oils were to be used for 
candles and soaps. Q182, T. R., p. 750. Why he picked out these two products 
to the CAclusion of food products is not apparent, because the prior art patents 
and publications describe specifically no special uses for the hydrogenized prod- 
ucts. It would have been as superfluous for the earlier patentees and investi- 
tigators of hydrogenized fats to suggest the common and ordinary uses of the 
ihjjS, as would have been for the originator of aniline by a new process to say 
it could Pe used for dyes, or of the originator of synthetic sugar to say that it 
could be used as a sweetening for food. And it is conceded by Dr. Baskerville, 
and by counsel for plaintiff, as it must be conceded, that the products of the 
prior art were in fact edible, whatever their degree of hydrogenation. T. R., 676. 

2. He says that Normann’s statement in his British patent No. 1615 of 1903 
that there were no secondary reactions in hydrogenation “ apart from the forma- 
tion of small quantities of nickel soap which may be easily removed by dilute 
mineral acids ” indicates that the product is something which is not to be 
regarded as suitable for food. 

Dr. Bacon has logically pointed out that Normann told how to remove those 
nickel soaps which might have prevented such use, thus indicating to any skilled 
chemist, in terms which a chemist would understand, that the product was 
edible. 
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3. Dr. Baskerville quoted Paal and Roth, who had discovered in the course 
of their physiological investigations that hydrogenation ^changed an inedible or 
poisonous croton oil into an edible or non-poisonous tdlow. To anybody but 
Dr. Baskerville, this would indicate that Paal and Roth, by their physiological 
mvestigations, of course krww that the usual food oils were edible when hydro- 
genized, and commented only on what was really a discovery, to wit, that poi- 
sonous croton oil became non-poisonous on hydrogenation. He quoted their 
statement that they studied the partially and completely hydrogenized oil, ai d 
their statement that cottonseed oil when hydrogenized gave a negative Hal- 
phen test. The several quotations Dr. Baskerville gave from Paal and Roth’s 
article show that they said they employed the tests “ used in food chemistry.'' 
It seems to us that the significance of that statement has entirely escaped Dr. 
Baskerville as well as their statement that they studied the partially hydrogenized 
oil. 

♦ ♦ ♦ 

5. He summarizes his conclusions as follows: 

So it appears to me that Burchcnal really made a seedless prune, as 
you may put it, or spineless cactus. He Burbanked the oils, as you might 
put it. And by his work he actually made two discoveries: first, that 

the hydrogenated oil could be put into a compound and used as a food; 

and, second, that the partially hydrogenized oil itself could be used 
directly as a food, and thus he founded what is known as the hydro- 
genized food industry. (Italics ours.) 

♦ ♦ ♦ 

Burchenal says that neither he nor anyone on his behalf made any tests of 
hydrogenized oils for cooking or edible purposes before Flake White containing 
hydrogenized fat was put on the market and sold. On the contrary, Burchenal 
claims that he merely used his perceptive faculties, or, as he put it, arrived at a 
conclusion that Kayser’s hydrogenized oil was edible — by a process of “ cere- 
bration.” But even if one should have made some experiments to see whether 

the hydrogenized fats were edible, would that have required the exercise of the 

inventive faculty? Dr, Baskerville says, in effect, that it would have been the 
normal every day work of a food or oil chemist, for first he concedes that the 
greatest use of fats and oils of animal and vegetable origin is for foods, and then 
he concedes that if an oil or fat unknown to him had been presented to him, he 
would have used the expected skill of his calling and ascertained its technological 
uses by casting “ around to see the uses that fats were put to.” T. R., 772; 
XQ282-286. Probably he would not have been so sapient as Burchenal claims 
to have been in arriving at a conclusion that hydrogenized fats were edible, 
me^ly by a process of cerebration, and would have eaten some of the fat or 
cooked with it, but that would have been only the ordinary use to which fats 
are put. Yet surely this cannot be considered an exercise of the inventive 
faculties. 

* 4 > * 

Dr. Baadcerville would have cast about to see what use fats were put to. 
Can he - imagine that Noimann, or Fokin, or Paal and Roth did not do that? 
Th|iy were scientific men. They did not state the obvious. Paal and Roth 
what was not obvious, to wit, that poisonous croton oil was ren- 
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dered non-poisonous; and if they had tliought that edible oils when hydro- 
genized were rendered inedible or poisonous, it is unthinkable that they would 
not have said so. 

It is apparent then that Dr. Baskcrville’s conclusions are untenable. Bur- 
enal’s Burbanked “ seedless prune ” and “ spineless cactus ” on closer inspec- 
tion are found after all to be only plants of the common garden variety. 

Dr. Baskerville paid his tribute to the wrong person. It was Normann who 
“ Burbanked the oils.” 

* 0 • 

From whatever aspect this case he mewed, when the discovery that oils and fats 
may he hydrogenized into solids or semi-solids {and thereby he availed of in such 
form as lard substitutes) is considered, it is to Normann “ that the honor of this 
discovery belongs” It does not belong to this country or to Burchenal. 

Further Details op Early Hydrogenation Work at Procter & Gamble’s 

Reference has already been made herein to the Kayser patents 1,004,035 and 
1,008,474, which were cited as references by the Examiner against the claims of 
the patent in suit, and which are admitted by Burchenal as part of the prior art. 

The defendant, under order of the Court, took the depositions of Burchenal, 
Anderson, McCaw and Morrison, all officers of the plaintiff company, in refer- 
ence to the Kayser process of hydrogenizing oils. 

The following facts, b'^iefly hereinbefore referred to, were developed: 

Edwin Cuno Kayser had for some years been in the employ of Crosfield & 
Sons, Ltd., an English firm, which with Dr. Normann, D. R., page 76, Q518, 
had been developing improved procedures in the hydrogenation of oils. On 
October 18th, 1907, Kayser wrote to the plaintiff, whose main business was 
then and is now the manufacture of soap, stating that he proposed visiting the 
United States for the purpose of introducing “a process of the greatest possible 
importance to soap manufacturers,” that he had manipulated the process for 
three years, and was “ the only person thoroughly acquainted therewith.” 

After it brief correspondence, Kayser arrived in this country in November, 
1907, and called on Burchenal, bringing with him samples of hydrogenized oils 
including hydrogenized cottonseed oil and hydrogenized maize (corn) oil and 
showed them to Burchenal. Burchenal had never before seen or heard of hydro- 
genized and was not even familiar with lard compounds. The samples 
brou^t by Kayser were “ very light in color, pale yellow or almost white.” 
After certain negotiations, a preliminary contract was made with Kayser on 
Dec. 5, 1907, and Kayser then told Burchenal that the samples referred to had 
been produced by hydrogenating cotton seed oil in the presence of a catalyst. 

Kayser was very secretive and mysterious and evidently disinclined to tell 
anything more than he had to. Burchenal says ” There was a good deal of 
mystery about Mr. Kayser.” There is, however, a written record giving a 
qualitative analysis of one of Kayser’s samples brought from Crosfield & Sons, 
showing that it was a semi-solid, with “ an iodine value of 52.26 and a melting 
point of 39.3° C.;” so that the first hydrogenized oil which Burchenal ever saw 
was a “ white or yellowish semi-solid ” with a melting point within the range of 
36°-43°, the range which Burchenal specified, when he filed his application for 
the patent in suit, as the melting point range of his product and within the 
melting point range of 33 to 40° specified in the patent itself. 
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Burchenal says now that Kayser’s samples were hard, but the report is clear 
as to the melting point, and is more to be relied on than Burchenal's assertion 
or memory. 

Burchenal was forced — unwillingly it is true, to concede that those samples 
which Kayser had brought from England were edible. 

Q393. But was there anything inherent to this product which he 
brought with him, which rendered it inedible? 

A. Nothing, I should think, except the fact that the idea of edibility 
had not been associated with it. (Italics ours.) 

During December, 1907, and the early part of January, 1908, a small experi- 
mental plant was built under Kayser’s directions at the plaintiff’s factory, includ- 
ing a hydrogenating apparatus like that shown on sheet 1 of the drawings of 
the Kayser patent 1,004,035, and capable of hydrogenizing a batch of 20 pounds 
of oil. D. R., pages 160-165. The process and the apparatus were disclosed in 
detail to Burchenal and Anderson, and also the precise method of making the 
nickel-kieselguhr catalyst. On January 17th, 1908, Kayser alone hydrogenized 
refined summer yellow cotton-seed oil in his apparatus and produced hardened 
fats of melting points of 55.5° C. and 60.3° C. D. R., 122-123. Five days 
later on January 22, 1908, in the presence of Anderson, Kayser hydrogenized a 
second batch of the same oil, and during the month of January, 1908, there was 
prepared by Anderson, under Kayser’s directions, a complete description of the 
process of hydrogenation, which appears on pages 120 and 121 of the Depo- 
sition Record, and which contains the following: 

The process of saturation is very interesting. Hydrogen is circulated 
as taken up by the fat. . . . The affinity of the fat for the hydrogen is 
plainly evidenced in this operation. As the saturation nears completion, 
less gas is, of course, taken up by fat and an excess is circulated, which 
causes bubbling at end of the outlet tube. Completion of saturation is 
indicated by comparison of volume of gas in and out of machine. When 
saturation is practically complete, the gas passes through without any 
apparent reduction in volume. The fat is drawn out of the machine — a 
black mass, on account of presence of catalyzer, and passes through filter 
press, the catalyzer filtering out very rapidly. The filtered fat is the fin- 
ished product. 

There were in addition three other written reports, dated respectively Feb. 6, 
1908, March 5, 1908, and May 7, 1908, all printed in the Deposition Record on 
page 124, showing work done by Kayser in the hydrogenation or treatment of 
oil. The first shows a mixture of hydrogenized oil and “ prime tallow ”j the 
second, two batches of semi-solid hydrogenized oil, one having a melting pomt 
of 42° C. and the other having a imUmg point of 43° C.; and the third showing 
the melting point of the fat acids of a large batch of hydrogenized oil eent to 
McCaw at Macon, Ca. (These fats of 42° and 43° C. melting point have been 
reproduced by Richter as Exhibits A' and A' and have already been discussed.) 

■ Andei^n says that the cottonseed oils treated by Kayser were all “ refined 
oils,” ^^74, D. R., page 167, and therefore edible. Burchenal and Anderson 
were in daffy touch with the work Kayser was doing — but all the other om- 
rployees of ^the plaintiff were kept in ignorance. On this point Anderson testi- 
follow (italics ours); 
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Q326. Who besides Mr. Burchenal, Mr. Kayser and yourself saw or 
became familiar with any of the proc-esscs or products (tarried on or pro- 
duced by Mr. Kayser during 1908 and 1909? A. Well, during 1908, no 
one but Mr. Burchenal and myself. We occasionally gave Mr. Kayser 
a laborer to help him, but we changed the laborer every week. lie did 
all the work himself and no one came in contact with him but Mr. 
Burchenal and myself. 

Q327. How about 1909? A. 1909, after we started the plant, Mr. 
Leach was introduced into it. 

Q328. Since that time the process — A. And it has gradually broad- 
ened out since that time. In the first two years we would arrest anyone — 
anybody who was seen talking to Kayser, except ourselves. 

Q329. That same degree of secrecy has practically been preserved ever 
since? A. Oh, no; it has broadened quite a lot beyond that — quite a 
few people now know about it. 

Q330. Quite a few people know it, in order to carry on the process? 
A. In order to carry on the large volume of business, to take care of the 
increased work. 

Q331. But the knowledge is confined to such people as you employ? 
A. Yes. 

Q332. The knowledge is confined to such people as you employ in 
making the hardened oil or substance? A. In the beginning our labora- 
tory people did not know anything about it, as such. 

Q333. And you, up to the present time, keep the knowledge from the 
public just as far as it is possible to do so? A. Just as far as we know 
how. 

Anderson was asked whether the products produced by Kayser on March 5, 
1908, having melting points of 42” and 43° C. were edible as food products and 
he staled that they were. 

Q235, And would you also say that a product having a melting point 
of 12 degrees Centigrade and produced by circulating hydrogen gas through 
cotton-seed oil, in which nickelized kieselguhr is maintained in suspension by 
agitators in the presence of hydrogen gas, under pressure, the oil being 
heated to a temperature of 160 degrees Centigrade, would produce a com- 
mercial lard substitute? A. Yes. 

**♦41**4141 

Q265. Is it your opinion that a product having a melting point of, say, 
for example, 42 degrees Centigrade, and produced by treating cotton- 
seed oil with hydrogen in the presence of an atmosphere of compressed 
hydrogen, and in the presence of nickel deposited upon kieselguhr, and 
maintained in suspension in the oil by agitation, the oil being heated 
to a temperature of 155 degrees or 160 degrees Centigrade, and without 
being subjected to treatment to remove the characteristic taste and odor 
due to hydrogenation, would be commercially acceptable as a fat for use 
in frying, or as a fat for use in shortening dough? 

Mr. Allen: The question is objected to as incompetent, indefinite and 
misleading; also as irrelevant and immaterial. 

A. Why, I would consider such a product entirely edible; but to be a 
commercial success, it would be preferable to subject the product to the 
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treatment to which lard and other cooking fats are regularly subjected 
or usually subjected. 

Burchenal states that the process practiced by Kayser is the same process 
described in Kayser’s patent 1,008,474, and is the same described in the patent 
in suit, as follows; 

Q754. Referring now to Questions 264 and 265, is the process described 
in the Kayser patent 1,008,474 materially different from the process 
practiced by Mr. Kayser in the early part of 1908? A. As I under- 
stand the patent, it is not materially different. 

Q755. That is, the process which is described by Mr. Kayser in this 
patent is not materially different from the process which he practiced in 
the early part of 1908 at the Procter & Gamble Company’s factory? A. 
Yes. 

Q756. Referring now to Question 334, is there any difference in the 
process of hydrogenation described in the patent in suit and the process 
which was carried out by Mr. Kayser in the early part of 1908? A. As 
I understand that paragraph, it does not refer to any special process, 
except where it says ‘‘preferably”; but preference was given to the 
process in a general way as outlined in the Kayser patent. 

Q757. That is, so far as the process is described in the patent in suit, 
it is the same process which Mr. Kayser had carried on in the early part 
of 1908 in the hydrogenation of oils, and particularly cotton-seed oil? 
A. The process of hydrogenating, yes. 

Q758. And your knowledge of this process was gained from Mr. Kayser? 
A. Yes. 


4> * • 

From January to May, 1908, Kayser made quite a large amount of hydro- 
genized refined cotton seed oil by his process and apparatus and in May of that 
year some 450 j)ounds thereof was sent by Mr. Procter to the McCaw Mfg. Co., 
at Macon, Georgia, to have it made up into lard compound by substituting it 
for the usual oleo stearine. At that time the McCaw concern, of which W. E. 
McCaw was president, was, and for a long period thereto had been, manufac- 
uring a lard substitute, consisting of cotton seed oil which was hardened to lard 
rDnsistency by the addition of a hard fat, — oleo stearine. This material was 
kuawn under McCaw’s brand of “ Flake White.” McCaw at that time, had 
never met Burchenal, but was slightly acquainted with Procter. D. R., page 
302, Q313. It seems, according to McCaw’s story that in February or March, 
1908, Procter called at McCaw’s New York office, showed him a sample of oil 
which had been hydrogenized by Kayser, and in effect asked him if he would 
substitute the hydrogenized oil for oleo-stearine in making up some lard sub- 
stitute. McCaw, now largely interested in the Procter & Gamble Company, 
says that, at, the time he said he thought the material would be unsuitable; 
but naturally his recollection on this point would tend to be influenced by his 
interests. But Procter has not “ the slightest remembrance ” of what he said to 
McCaw, %pd could not “ relate the circumstances ” of the meeting with McCaw. 
D. R., ..page 213, Qs. 3B-35. He gave no hint or instructions to McCaw as to 
wl^t McCaw should do — how to mix the hydrogenized fat and cotton seed oil 
01^ the proportions — but left the whole matter to McCaw. Burchenal had no 
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hand in the matter whatever, and it does not even appear that he claims to have 
asked or suggested to Procter to see McCaw, or to have McCaw make any 
compound. 

Subsequently, in May, 1908, as previously stated, 450 pounds of Kayser’s 
hydrogenized oil was sent to McCaw who substituted it for oleo-stearine in 
the production of a lard substitute, and produced 3,000 pounds of such lard 
substitute, in three batches of 1,000 pounds each. The batches varied some- 
what in the proportions of the hydrogenized fat to the liquid cotton seed oil, 
one batch containing 10% of the fat, another 12% and a third 14%. 

Q277. You were left to your own resources in making up the mixture? 

A. Oh, absolutely, at that time. McCaw, D. R., page 295. 

McCaw testified that he followed the usual method of mixing the fat with 
the cotton seed oil according to the titer of the former, first melting the fat, 
and, after blending it with the oil, subjecting the mixture to the usual deodor- 
izing, refrigerating and aerating treatments to which Flake White had long been 
subjected. McCaw was evidently proud of his reputation as a lard substitute 
manufacturer, and of his Flake White, and did not care to put out a lard 8ul> 
stitutc which was, according to his notions, not as good as Flake White. He was, 
he says, not satisfied with these three batches made in May, 1908, because he 
regarded them as “ unmerchantable,” the texture was “ grainy, lumpy ” and it 
was “entirely too dark.” On being questioned, he refused to state how the 
batches were deodorized, as this process was and is “ a secret one ” which they 
still guard “ jealously.” He says the material then made was sold in bulk to 
some soap-makers — whose names he does not remember. McCaw said he cooked 
some biscuits with the compound and fried potatoes, but that they were unsatis- 
factory. Burchenal at one time said that the McCaw experiment was a “ failure,” 
and that the material appeared “ stringy ” but he was “ not a judge of the 
material, nol having had any experience (italics ours). Compare these statements 
of McCaw and Burchenal’s, however, with this further statement of Burchenal in 
contradiction (italics ours). 

Q1025. Referring now to the sample of the mixture that Mr. McCaw 
made, using the hydrogenized cotton-seed oil which was sent him in the 
* .fly part of May, 1908, which sample you said you thought you saw, — 
was that sample edible? A. 1 presume it was. 

Q1026. That is, you regarded it as an edible fat product? 

Above question is objected to as incompetent and irrelevant. 

A. / do not recall any tests being made on it; I merely presume that 
it was. 

Q1027. So far as the edibility of it was concerned, however, you were 
satisfied that it was edible? 

Above question is objected to as incompetent and irrelevant. 

A. There was no question raised in my mind as to its being edible. 

Q1028. I show you a certified copy of the Declaration of Interference 
dated January 3, 1913, in the matter of the Interference of Ellis vs. 
Boyce vs. Burchenal, No. 35,642 in which your application Serial No. 
591,721, which subsequently eventuated into Letters Patent No. 1,135,935, 
was involved, and in which it appeared that the issues were as follows i 
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Count 1: 

An edible oil product comprising hydrogenated cotton-seed oil and 
edible oily material blending therewith. 

Count 2: 

An edible oil product of lard-like consistency comprising edible hydro- 
genated oil and edible oily material blending therewith. 

I also show you a certified copy of the preliminary Statement of John 
J. Burchenal, dated February 15, 1913, filed in that Interference, in which 
you state that the food product set forth in the Declaration of Inter- 
ference “ was made up in the latter part of May, 1908, and tested at 
Macon, Georgia." Was that material of which a sample was sent you 
by Mr. McCaw, the product to which you referred in that Preliminary 
Statement? A. I presume it was. 

Q1029. Then at the time of swearing to that Preliminary Statement, 
you regarded the material which had been made by Mr. McCaw at 
Macon, Georgia, using the hydrogenated oil which was sent him in the 
early part of May, 1908, as an edible product of lard-like consistency, 
comprising edible hydrogenated oil and edible oily material blending 
therewith, did you? A. 1 think so. 

Q1030. Well that is the fact, is it not? A. The fact was that I thought 

80 . 

Q1031. Do you still think so? A. I still think so. 

Note. That the hydrogenized cottonseed oil referred to was produced by 
Kayser, with Kayser’s process and by Kayser’s machine, on Kayser’s own initia- 
tive, and was edible, and that Burchenal makes no claim of having caused it to 
be sent to McCaw. It may well be that Mr. Kayser suggested that this be done. 

Kayser continued to produce his hydrogenized product, and, in August, 1908, 
a second batch of 1,000 pounds thereof was sent to McCaw at Macon, and 
10,000 pounds of compound was made, by mixing the hardened fat with cotton 
seed oil, about the first of September. McCaw made some changes in the speed 
of the refrigerating rolls, and the speed of the picker shaft in the aerating appa- 
ratus, and while the compound was improved in appearance over that made in 
May he still regarded it as “ not merchantable." But the hydrogenized fat was 
substantially the same as that which had previously been sent him, and both 
were edible, for Burchenal testified (italics ours): 

Q1060. Now, at the time you sent, or Mr. Procter or the Procter & 
Gamble Company sent that first batch of hardened cottonseed oil to 
Mr. McCaw, had you made up your mind that hydrogenized oil jyrodmed 
hy Kayser was an edible oil? 

A. I had. 

* * * 

“ Q992. ***A. •**ABa matter of fact at the time, March 

5, 1908, Mr. Kayser’s real interest was centered in the production of a 
- catalyst. He had no question about heihg able to make a hard fat when his 
catalyzer was right. 
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Q993. And he knew that he could make a fat of any consistency he 
wanted, if his catalyst was right? 

A. I suppose so. 

* * * 

During the fall and winter of 1908 and 1909, Procter & Gamble Co. erected 
a large plant for the hydrogenation of oils — reproducing on a large scale the small 
plant which Kayser made in December, 1907, and January, 1908. This plant 
was started in operation February 15, 1909. 

Anderson and Kayser were at work on the large plant for about six months, 
and, as Anderson says, it was “ the equivalent of the first plant on an enlarged 
scale,” and in March, 1909, a carload lot of the Kayser hardened cottonseed oil 
was shipped to the McCaw plant in Macon. This hardened cottonseed oil 
shipped in March, 1909, Burchenal says was no different from that made by 
Kayser and shipped to McCaw in May, 1908: 

« « 

In the meantime Procter & Gamble Company had purchassd in January, 1909, 
the McCaw Manufacturing Company, and had secured the services of McCaw. 
The carload of hardened fat was made into lard compound by McCaw, by mixing 
it with cottonseed oil and oleo stearine, substituting the hardened fat for a por- 
tion of the oleo stearine. This compound, McCaw did not consider as good as 
his regular Flake White, as he was “ uneasy about the quality ” but it was 
placed on the market and sold under the brand ” Flake White.” 

« * « 

The oleo stearin was entirely left out of Flake White in 1912, but no one 
ever knew of the difference between the original Flake White, consisting of 
cottonseed oil and oleo stearin, that consisting of cottonseed oil, oleo stearin 
and hydrogenized fat, and that finally consisting of cottonseed oil and hydro- 
genized fat. 

* * * 

In Burchenars long examination, he was given over and over again an invi- 
tation to say what he did, what he contributed to Kayser’s product, and the 
most that he could say was, and that is apparently his whole case — that he 
made uf- his mind that it was edible. Not as a result of food experiments, or 
cooking experiments, but only that he thought it might be edible. He does not 
say he sent the material to McCaw or suggested its being sent. It was Kayser ’s 
product, and it was Procter who saw McCaw and sent the product to him. 

* « « 

We tried to get Kayser to tell his story, but he was in a German detention 
camp in England, and refused to talk (Barrows' testimony). But Kayser's 
friend, Clarence Von Phul, with whom Kayser boarded in Cincinnati from 
November, 1907 to March, 1908, testified that Kayser knew his products were 
edible^ as follows (italics ours): 

4t * * 

Q13. Did you know where Mr. Kayser was employed at that time? 

A. Procter k Gamble Company, at Cincinnati. 
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Q14. What work was he doing, if you know? 

A. He was getting up a patent for a food productf he so informed me* 

* * * 

Q17. Just what did he tell you about this matter? 

A. He said that he was producing a food product from cotton^seed oil by 
a chemical action. 

* * * 

Von Phul was sufficiently in Kayser^s confidence that Kayser had him make 
the sketches or drawings which were used by the patent solicitor in preparing 
the drawings for Kayser’s patent No. 1,004,035, which was applied for March 20, 
1908. 

Von Phul said that the sample Kayser showed him looked like tallow " 
but Kayser said it was a food product. 

* * Hf 

Kayser had no confidants except Von Phul, no one else knew about his process 
and his products except Burchenal, his rightr-hand man Anderson, and Procter, 
who seems to have a poor memory. The whole thing was kept a secret by the 
Procter & Gamble Company, who “ would have arrested any one seen talking with 
Kay.ser,” and the secrecy is maintained to this day. But enough has been drawn 
out of those men, after Judge Hollister issued an order to compel them to answer, 
to show that if any .credit is due to any one at Procter & Gamble Company’s 
factory, for the production of food products by the hydrogenation of cotton-seed 
oil, it is due to Kayser, who brought the process and products from Crosfields’ in 
England. Procter & Gamble had to square the matter with Crosfields’ later on, 
but, as Kipling says, “ that is another story.” 

Kayser returned to England in July, 1910, and when he was out of the coun- 
try Burchenal filed the application for the patent in suit. 

♦ ♦ ♦ 

In any event this defendant has proved that Burchenal made no inventive 
act, and made no invention or discovery whatsoever. Burchenal does not inti- 
mate that he suggested any after treatment for the hydrogenized product, or 
the use of a refined oil, or even its use in the manufacture of a cooking fat, or 
that he made any tests in cooking or otherwise. He knew nothing about the 
subject except what Kayser told him. 

* • * 

“ Lard-uke ” Fats 

The plaintiff may contend that Kayser's semi-solid product is not “ lard-like.” 

If “ lard-like ” has any special significance in the Burchenal patent it infers a 
product which is low in linolin and high in olein, and with not over 25% saturated 
fats. 

Burchenal, in his testimony, however, thus variously defines “ lard-like ” (italics 
ours): 

Q48Q. .How did you know whether or not they (partially hydrogenized 
products) were lard-like, without testing? 

A. From appearance. 


• « c 
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Q488. What is the physical appearance of lard? 

A. Well, it is a material that is, according to my views of lard, in a general 
way, it is something that is soft to the feeling, at a normal temperature, 
has a translucent whitish appearance, it is not hard or brittle and it has 
a certain kind of plasticity to it. It is not granular, but lends itself to mould- 
ing. I suppose you might say it is homogeneous. It is of peculiar quality, 
I suppose; it is the one that of all the natural fats has made it adaptable for 
domestic purposes in cooking. 

Q489. How does that description which you have given differ from the 
lard compound? 

A. Lard compound is quite different in appearance. Lard compound is 
softer than lard itself; the fats have not the same characteristic; lard com- 
pound is not of translucent appearance; it has a foamier look to it; it has 
not the same consistency. I don’t think anybody that is familiar with both 
of them would confuse one with the other. 

• ♦ « 

Burchenal Made No Contribution to the Art 

He was not versed in the manufacture of lard substitutes, for, as he says, 
“ I was not altogether familiar with the manufacture of compound.” 

He knew nothing about the hydrogenation of oils except what he learned from 
Kayser. He never saw hydrogenized products until Kayser showed them to him. 
So far as the Record shows, he has never himself hydrogenized any oil or directed 
or supervised the hydrogenation by others. 

He was not, so far as the Record shows, a scientist, a chemist, or even one 
“skilled in the art” of making food products. Up to March, 1909, the Proc- 
ter & Gamble Company made soap, not food products. 

Burchenal admits that 

(1) He does not know the “ saponification value ” of cottonseed oil. 

(2) He does not know whether hydrogenization changes the saponification 
value Oi cottonseed oil. 

(3) He does not know the temperatures to which the refrigerating rolls for 
the product must be chilled, but he thinks the temperature of the rolls is an 
hnportant feature in making the product “ lard-like.” 

(4) He does not know what effect a variation in the pressure during hydro- 
genation may have upon the product. 

(5) He does not know what effect a variation in the temperature during hydro- 
genation may have upon the resultant product. 

(6) He does not know what effect a variation in the proportion of catalyst to 
oil, during the hydrogenation, may have upon the resultant product. 

(7) He does not know what effect a variation in agitation during hydrogena- 
tion of oil may have on the resultant product. 

(8) He does not know the proportions of hardened or hydrogenized fat to oil, 
as they were mixed by McCaw in 1908; he didn't see the mixing; he does not 
know what was done with the material made by McCaw; he does not know 
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whether the hydrogenated fat sent McCaw was deodorized or whether McCaw 
deodorized the compound made therefrom; and he does not know what tests 
McCaw made. 

(9) He does not recall (and this after long fencing on his part) whether he 
knew the proportions of the component glycerides of the product described in 
the patent in suit, before he filed the application for the patent in suit. 

Q828. Under date of November 20, 1912, the composition of the par- 
tially hydrogenized oil obtained by analysis of the product prepared in 
the manner described in the specification of the patent in suit- was stated 
to be as set forth in lines 10 to 18, inclusive, page 2, of your Letters 
Patent in suit. Did you make the analysis? 

A. I didn’t. 

Q829. Did you see the analysis made? 

A. No. 

Q830. Or check them? 

A. No. 

Q831. Do you know who made them? 

A. No. 

(10) He does not know who made the “ re-determinations of the melting point 
and titer corresponding to the iodine value of 55 and 80 in partially hydro- 
genized cottonseed oil ” given in the affidavit of Feb. 17th, 1915, which was his 
affidavit required by the Examiner before allowing the patent in suit but sup- 
poses “ that things were based on our determinations at Ivorydale,’’ but he did 
not make them and does not know who did. 

(11) Burchenal further admits on examination that he does not know at 
what melting point the product of his patent in suit would cease to be “ lard- 
like,” or whether the product having an iodine value of 55 would be a semi- 
solid at ordinary temperatures. 

(12) Again he does not know what is necessary to produce his alleged prod- 
uct. (Italics ours.) 

Q856. In the production of a partially hydrogenized cottonseed oil 
what factors are necessary to insure in the product a high olein content 
and a low linolin content? 

A. I can’t tell you. 

Q857. You mean that you don’t know? 

A. I don’t know. 

Q858. And never did know? 

A. Never did know. 

(13) Burchenal admits that he does not recall giving instructions to McCaw 
as to the products McCaw made in 1908. He does not recall making or super- 
vising any cooking tests with hydrogenized oils, until after Flake White, containing 
hydrogenized oil was put on the market following February 15, 1909. 

NoTE.—The hydrogenized fat was placed on the market before any cooking 
tests with them were made by Burchenal, who was ignorant of McCaw’s tests. 
And there V(a8 no material difference between that hydrogenized fat and the fats 
which had been brought to this country by Kayser, and which were made here, 
in January, 1908, by Kayser. 
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(14) Burchenal likewise admits that he does not know whether animal oleo- 
stearin is edible— he presumes it is but is not certain. 

(15) He says he does not think any animal or vegetable fatty acid or gly- 
cerides of any animal or vegetable fatty acids when hydrogenized, are suitable 
for use as food products, Q1005, D. R., p. 248, and denies that a food com- 
|X)und closely simulating lard can be made by a mixture of any oil and a harden- 
ing agent produced by hydrogenating any oil or liquid fat. 

(16) He does not know whether the iodine value of a product is one of its 
physical consiants. 

(17) And he never effected the separation of the liquid fatty acids of any 
cottonseed oil treated by hydrogen. 

(18) He was asked when he first produced a homogeneous lard-like food 
product consisting of an incompletely hydrogenizes oil. 

Why I had done a good deal of experimental work on the material; 
1 think 1 am safe in saying that the date on which that material was first 
produi^ed in any appreciable quantities was after April 26, 1910, and in all 
probability, prior to July 1, 1910. 

* Hi « 

(But Kayscr had already disclosed to Burchenal semi-solid products of hydro- 
genated cotton seed oil — those he brought from England, and those made by 
him March 5, 1908, which had melting points of 42® C. and 43® C.) 

(20) Burchenal was asked wfial experiments he made with a mixture of the 
hard Kayser product and cotton seed oil, if any, and this is how he testified: 

Q895. Now, when the first experiments were made with hardened 
cottonseed oil, by compounding it with other cottonseed oil, what did you 
do to the ])roduct, other than mixing the ingredients together? A. I 
donH recall that we did anything beyond the mixing of the oil. 

* * * 

The fact is that really Burchenal had nothing to do with any experimentation 
involving hydrogenization that was going on, in spite of vague references to 
the “ experiments ’’ ‘‘ we ” made. 

Morrison let the real truth slip out. He was asked: 

Q,169. Who was actually doing the experimentation in hydrogenizing oils 
in the laboratory? 

A. At what period? 

Q170. Prior to Nov. 10, 1919? 

A. Mr. Kayser up to the time he left in 1910, and after that Mr. Graff 
with the assistance of boys who were employed in the laboratory. 

Kayser left this country in July, 1910. 

(21) Burchenal introduced the new matter regarding the proportions of com- 
ponent glycerides in his application for patent on November 20, 1912. He 
admitted that he had not ascertained these proportions by his own work but 
through the work of others, but he didn’t know how they were ascertained, or 
who found them out, or when he got the information. 

Morrison says he doesn't know who made the determinations, QsSO-SS, D. R., 
pp. 326, 327, from which the percentages of component glycerides were figured, 
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but that he himself made the figures, that they were made from some memo- 
randa which he has lost, and he would or could not say positively that the pro- 
portions or percentages were worked out prior to the fifing of the application 
for the patent in suit. 

But it was Kayser who was “doing the experimentation in hydrogenizing oils 
in the laboratory.” 

If anything is clear, it is that while Burchenal talks vaguely of “ experi- 
ments,” which “ we ” made, he really never did anything that can be placed 
to his credit, or which shows any inventive act or deed on his part. His gen- 
eral ignorance on the subject is manifest. His admissions demonstrate lack of 
originality. One will search the record in vain to find any evidence entitling 
him to be ranked as an inventor. It is only to inventors that valid letters patent 
can be granted under the statutes. Kayser, so far as Burchenal was concerned, 
was the source of all of his information. Kayser disclosed to him the process, 
the apparatus, the edible product, and Kayser carried on exclusively the ex- 
perimentation in hydrogenation without any suggestion from Burchenal. Sup- 
pose there were a direct contest between Kayser and Burchenal as to the inven- 
torship of the white or yellowish semi-solid produced by the partial hydrogena- 
tion of cottonseed oil— could there be any doubt as to the outcome? The very 
first product which Kayser shawed Burchenal was siwh a product and Burchenal 
admits it was edible. Would any Court give priority of invention to Burchenal? 
If priority could not be awarded Burchenal in that case he certainly cannot be 
held to be the inventor of that same product in the case at bar. 

The record clearly shows that Burchenal has no standing as an inventor and 
consequently the patent issued to him is void. 

41 * itt 

In a discussion of the file wrapper and contents of the patent in suit, the 
following statements appear in defendant’s brief: 

What instantly strikes one familiar with the Kayser patents, and the processes 
therein described, and the solid and semi-solid hydrogenized cottonseed oils 
produced by Kayser, is that the Burchenal specification as filed described only 
what Kayser had disclosed to him. The sample of hydrogenized oil which 
Kayser brought from Crosfield & Sons had a melting point of 39.3° C. and an 
iodin value of 52.26, a little less than 55 which Burchenal mentioned as the lower 
limit in his original specification. One is also struck with the fact that the preferred 
melting point of the semi-solid product originally described by Burchenal, is the 
melting point of one of the two products produced by Kayser on March 5, 1908, 
the other Kayser product having a melting point of 43° C. which was the upper 
limit of the melting point range originally given by Burchenal. 

On November 26, 1910, before the case was acted on by the examiner, the 
following claim was added to those on file. 

3. A semi-solid hydrogenized oil. 

On the 13th of December, 1910, the claims were rejected by Examiner Ely 
on U. S. patent to Schwoerer No. 902,177, the Herforder (Normann) German 
patent No. 141,029 and the Erdmann German patent No. 211,669. In explana- 
tion %aminer Ely said in part: 

,The composition of lard and of cotton seed oil as to the glycerine olein 
and stearin that they contain is well known. To make a product from 
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cottonseed oil that shall simulate lard, the content of stearin should be 
increased. 

After citing the patents referred to, Examiner Ely further said: 

It is thought therefore that if the problem of simulating lard from 
cottonseed oil were presented to an oil chemist, an incomplete hydro- 
genation of the cotton seed oil would at once suggest itself to him as a 
solution of the problem. All the claims are accordingly rejected on the 
above ground of lack of invention.” 

Burchenal waited until the last moment of the statutory period of one year 
allowed for the filing of an amendment to save the case from abandonment, 
and on December 13, 1911, filed an amendment cancelling claim 3. 

By the cancellation of this claim he admitted that semi-soUd hydrogenized 
products were old in the prior art. The prior patents to Normann and Erdmann 
had disclosed semi-solid products produced by the partial hydrogenation of both 
animal and vegetable oils. 

The argument filed as a part of the amendment said in part: 

Applicant does not allege that his product is identical with lard, for it 
may be and probably is impossible to artificially reproduce lard. . . . 
Applicant appears to be the first to determine and set forth the advan- 
tages and properties of a fractionally-hydrogenized product, and his claims 
do not even cover such product broadly hut are limited to a product having a 
definite degree of partial hydrogenation, giving it definite physical and chemical 
characteristics specified in the claims. (Italics ours.) 

(At this time Burchenal’s claim 1 specified a range of 36®--43® C. in melting 
point, and claim 2 recited specifically a melting point of 40® to 21® C., in addi- 
tion to the iodin value range of 55-80, etc. So Burchenal had conceded that a 
food product consisting of partially hydrogenized oil having melting points 
above or below the melting point range given by him and having iodin values 
below or above those recited by him, were not of his invention.) 

On Dcv omber 29, 1911, the Examiner a second time rejected the claims, citing 
the Kayser patents 1,004,035 and 1,008,474, and pointing out that Kayser 
described hydrogenizing cottonseed oil, and l^at Kayser’s process could be 
arrested at any time during its progress to produce an incompletely hydrogenized 
article. pointed out the fact that 

the physical constants given as to the product in claim 2 are not seen to define 
anything critical or decisive. (Italics ours.) 

and rejected the claims as defining nothing patentable over the disclosures in 
the Kayser patents. 

(The Examiner was thus directing special attention to the following statements 
in the two Kayser patents.) (Italics ours.): 

The time of treatment will vary with the progress realized and vrith 
the degree of saturation aimed at. Patent 1,004,035. 

* 4 > « 

Again Burchenal let the matter lie dormant for ten months and, on November 
20, 1912, more than two years after he filed his application, filed an amendment 
in which he presented the new matter containing the specific reference to the 
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particular percentages of the component glycerids supposed to identify his 
product. Defendant’s Exhibit Book, page 14. In the meantime Carleton Ellis 
had been granted a patent, No. 1,0.38,545, for a butter substitute by an Exam- 
iner in another division (No. 0) of the Patent Office separate from that in which 
Burchcnal’s application was pending. In this patent, Ellis pointed out the 
desirability of having his butter substitute melt at a temperature below the 
heat of the human body. 

In the amendment, dated November 20, 1912, Exhibit Book, page 14, Bur- 
chenal presented present claims 5 to 7, inclusive, directed to the specific com- 
position of his product, changed the numerals of his original claims 1 and 2 to 
3 and 4, respectively, and presented two new claims copied from this Ellis 
patent. Not for a lard substitute, but for a butter substitute, as follows: 

1. A butterdike composition comprising edible hydrogenized fatty oil. 

2. A butter-like composition comprising edible hydrogenized vegetable 
oil. 

In order to lay a basis for these claims in the new matter presented by 
amendment, there was included the phrase, “ but below the heat of the blood ” 
after the word “temperatures” in line 74, page 1, and line 26, page 2, of the 
printed copy of the patent. 

By this same amendment he changed the preferred melting point of 41°-42° C. 
in his original claim 2 to 36°-43° C. 

Burchenal’s application was tran.sferred to Division 6 to Examiner Lewors, 
who had permitted the Ellis patent to issue, and on December 6, 1912, 
Examiner Lewers wrote Burchenal that there was no basis in his appli- 
cation for the new claims 1 and 2 for a butter substitute. He pointed out 
that a butter substitute must have “ a melting point considerably less than 
the temperature of the human body ” so that it will melt in the mouth, whereas 
the minimum melting point stated originally by Burchenal was 36° C. (or 97° F.) 
was not “ considerably below ” body temperature, and the preferred melting 
point 41°-42° (105.8°-107.6° F.) “are much above the normal human body tem- 
perature.” The Examiner accordingly rejected the new claims 1 and 2 both as 
“ covering new matter ” and because the product originally described by Burch- 
enal was not butter-like. 

Touching the new claims 5, 6 and 7 in which the proportions of component 
glycerids were recited, and the amendment to the specification setting them forth, 
the Examiner said: 

The composition was not originally given and the Examiner has no 
means of determining that the compound having the properties set forth in 
the last paragraph of page, 1, and the first paragraph of page 2 (to wit, one 
having a melting point ranging from 36° C. to 43° C. preferably 41°-42° 
C.” ... a saponification value of about 195, an iodin value ranging from 
about 55 to 80, and a titer of from about 35.5° C. to 42.5° C.”) would 
necessarily have the composition set forth in the amendment. The only 
ground upon which the statement of the composition can now be inserted 
is that, the compound having the properties as set forth in the case as filed 
mustf hove the composition alleged, and proof of this in the form of a proper 
‘Affidavit must be filed. (Italics ours.) 
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The Examiner again rejected original claims 1 and 2 on the Kayser patent, 
calling attention to line 15, page 1, and lines 95 to 102, page 2, of said patent. 
These lines have been quoted on pages 142-143 of this brief. 

On January 10, 1913, Exhibit Book, page 21, Burchenal amended his new 
claims 1 and 2 by changing hutkr-like to “ lard-like,” and inserting the word 
lard4ike in claims 3 and 4 (original claims 1 and 2). He accepted the Kayser 
patents as prior art. How could he help it, as we now know what Kayser had 
disclosed to him, and Burchenal has now admitted and conceded on the wit- 
ness stand. 

He said in the “Remarks” accompanying the amendment: 

The ])roduct originally described, having the melting point titer and 
iodine vahw s{)ecified in original claim 2 has the chemical composition set 
forth in claims 5, b, 7. 

He urged that the product of claims 3 and 4 (original 1 and 2) was not antici- 
pated because Kayser had not specifically described: 

a lard-iike food product, a semi-solid having a melting point ranging from 
36° C. to 43° C. 

Of course, the Examiner did not know that Kayser had produced products 
of melting points of 42°, 43° C. and did not know anything about Kayscr’s 
samples brought from Crosfields; so on February 15, 1913, he wrote a letter 
stating that when the supplemental oath was filed the case would be allowed. 

March 17, 1913. Note Burchcnal’s next move. In claim 3, original claim 1, 
he cancelled the reference to the melting point range of 3G°-43° C. and substi- 
tuted a reference to the “ iodin value ranging from 55 to 80.” He said in his 
“ remarks:” 

these products have no sharp or definite melting point, and in view of 
the variety of melting point methods employed by chemists and the dif- 
ferent values obtained thereby claim 3 has been amended to specify the 
range of iodin values of applicant’s products rather than their melting- 
point range. 

Thus he changed the specification in a way the examiner had refused to per- 
mit him to do — to insert a melting point temperature “ considerably lower ” 
thfiJi body temperature. He filed also an affidavit that the subject matter pre- 
sented in liis amendment filed November 20, 1912, had been invented before he 
filed his application, but this affidavit was in support also of the claims for a 
“ butter-like product. 

On May 27, 1913, the examiner suspended further action on the merits, since 
the companion application (which eventually resulted in patent 1,135,935) was 
involved in an interference with an issue (see claims 3 and 4 of said patent) 
over which the then claims 1 and 2 of the application of the patent in suit 
were “ not patentable.” 

The case was then suspended until January 22, 1915, and on that date the 
examiner called attention to the fact that Burchenal had not yet filed the affi- 
davit which the examiner had required on December 6, 1912, that the product 
as originally filed must have the chemical composition recited in claims 5, 6 and 
7. He required the reference to the product as “ congealing below the heat of 
the blood ” to be stricken from the specification as amended. 
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There was, at this time, still in the specification, the original statement of the 
melting point range of 36®-43®, preferably 41®-42® C.; so Burchenal amended 
his case on March 5, 1915, by cutting out of the original specification the 
reference thereto. 

* * • 

Burchenal also cancelled from the specification the reference to his product 
congealing below blood temperature. 

Up to this time, there had remained in the original specification a paragraph 
to the effect that the product could be produced by mixing “unhydrogenized oil 
and a hard hydrogenized product having a melting point of 50® C.'’ On this date, 
March 5, 1915, Burchenal cancelled this paragraph, cancelled his claims 1 to 4 
(including the original claims and the first and second claims presented Noveml^er 
20, 1912), and presented the present claims 1 to 4 as they now appear in the 
patent. 

Now, when the case was originally filed the only directions given to produce 
the “ white or yellowish semi-solid ” were to sto]) the reaction when the product 
on cooling had a melting point of 36® to 43® C. — preferably 41 “-42® C., and 
these products were said to have an iodine range of 55 to 80. Burchenal had 
not said to “stop the reaction when the product haa art, iodine value of 55 (o 80," 
but that a product having those melting points would have that range of iodine 
values, and he had persuaded the examiner to allow his claims because Kayser’s 
patent had not specifically recited these melting points in referring to his “ semi- 
solid." 

Yet Burchenal in his amendment lowered the titer .5® C. and changed his 
specification in respect of the melting points, and reduced the whole range of 
36®-43° C. to 33®-40° C.; that is, he had lowered it 3° C. (5.4® F.) so as to 
bring the range down to as low as 33® C. (or 91.4® F. instead of 97° F.), which 
is very much below blood heat, and thus he did the very thing which the exam- 
iner had said he would not be permitted to do. 

He said in his “remarks" (italics ours): 

Appheant’s affidavit filed herewith, conforms to the requirements of 
the examiner. It also embodies a more accurate redelerminalion of the 
melting point and titer or products prepared from cottonseed oil and having 
the described range of iodine value. While the new figures do not differ 
substantially from those originally given, it is thought desirable to substitute 
them, 

♦ * ♦ 

The history of the prosecution of the Burchenal application as shown by the 
file wrapper and contents of the patent in suit is a strange one. The case had 
been transferred from the division of the Patent Office headed by Dr. Ely to 
Division 6 headed by Mr. Lowers. Most vital changes were made in the speci- 
fication and claims — and finally without a supporting or supplemental 
the patent containing these changes and the new claims in suit, was permitted 
to issue. 

These claims were drawn after the defendant's product was on the markets 

Frpm a consideration of the file wrapper and contents, one thing is certain; 
— Burcheifal insisted that his product had and must have 20-25% stearin, 
65-75% olei» and 5-10% linolin. 


* • t 
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Another thing is certain. Burchenal changed the description of his process 
which originally told one attempting to produce the product to stop the reac- 
tion when the semi-solid product on cooling, had a melting point of 36 '*-43° C., 
preferably 41°-42® C., so that as amended and issued the patent contains a 
wholly inconclusive and ambiguous statement to the effect that the operation is 
stopped when the oil has been converted into a product which cools to a white 
or yellowish “ semi-solid more closely resembling lard than do the commercial mix- 
tures of cottonseed oil and animal oleo stearin . . (lines 89-94, page 1 of the 
printed i)atent). 

He thereby renders his patent vague and uncertain in its description how to 
make or compound the product and leaves one to experiment. 

Still another thing is certain. Burchenal lowered the melting point range of 
his alleged new product 6.4® F. and the titer range .5® C. and thus departed 
from his original disclosure, without a supplemental oath. 

Patents in which new matter is thus inserted without a supplemental oath, 
have uniformly been held to be invahd. 

* « « 

We confidently assert that the proceedings in the Patent Office prior to the 
issuance of the patent in suit, were such 

(1) That having insisted that his alleged new product has a definite chemical 
(omposition, and no other, he cannot be heard to deny it; 

(2) That nothing can be held to infringe his claims which does not have that 
definite chemical composition; and 

(3) That Burchenal made radical changes in his specification and claims as 
(>.iginally filed, which were unsupported by his original disclosure, and that as a 
result his patent is void. 

Comparison of the Patented Product with Commercial Lard Substitutes 

Conside^-ing the Burchenal patent from the point of view advanced by Dr. 
Baskerville that the purpose of the patentee is to increase the proportion of solid 
fat, in order to secure the semi-solid consistency, it is shown by the record that 
there is no material difference between the product therein set forth as so con- 
sidc’-cd, and those lard substitutes which for many years have been commer- 
cially on tfie market. In fact this is conceded by plaintiff’s experts, Dr. Basker- 
ville and Mr. Morrison. 

The first paragraph of the specification reads as follows: 

This invention is a food product consisting of a vegetable oil, prefer- 
ably cottonseed oil, partially hydrogenized and hardened to a homogeneous 
white or yellowish semi-solid closely simulating lard. 

If the words italicized — “ partially hydrogenized ’* be omitted, that descrip- 
tion fits what are known as “ lard compounds ” or “ lard substitutes,” such as 
“ Jewel compound,” which has been made commercially by Swift <fe Company 
since 1890, and of which, according to Mr. Richardson’s testimony. Swift & 
Company produces between two hundred and fifty million and five hundred 
million pounds annually. T. R., page 653, Q15. Such lard substitutes consist 
of cottonseed oil hardened to a white or yellowish semi-solid simulating lard, by 
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the addition of 10 to 15% of oleo stearin, which is a hard white substance pro- 
duced i)y expressing the oil from beef tallow. This substance furnishes the addi- 
tional stearin necessary to harden the cottonseed oil to the desired stiffness or 
semi-solidity. 

Mr. McCaw testified that for many years prior to 1908, the McCaw Manu- 
facturing Company manufactured a lard compound known as Flake White, 
which consisted of (jottonseed oil hardened or stiffened to lard consistency by 
the addition of high-grade oleo stearin having a titer of 53° C., in the propor- 
tion of 20% of oleo stearin and 80% refined bleached cottonseed oil. D. R., 
p. 132, Q21, Q26. The proportions of cottonseed oil and oleo stearin were varied 
according to the season of the year, more of the stiffening agent being 'added 
in the summer than in the winter. 

* * * 

The record further shows that the substitution of cottonseed oil, hydrogenized 
to a melting point of 55° to 60° C., for oleo stearin, in the manufacture of Flake 
White, made no material change in the resultant product, and customers never 
knew the difference. 

* * * 

It is clear then from the foregoing that, as a lard substitute, and for all pur- 
poses to which such materials arc employed, there is no practical difference 
between a compound containing oleo stearin and one containing hydrogenized oil 
of the same or similar degree of hardness or solidity. 

Now, it is customary in the manufacture of lard substitutes, whether oleo 
stearin or hydrogenized fat be added to the oil to stiffen it, to vary the pro- 
portion of the stiffening agent according to its titer or melting point. 

* ♦ ♦ 

It appeared from the testimony at the trial that it makes no difference, so 
far as practical results are concerned, whether the cottonseed oil is stiffened 
or hardened by solid fats produced by partial hydrogenation, or by the addition 
of oleo stearin, or by the addition of hydrogenized fat. Both Dr. Baskerville 
and Mr. Morrison agree on this, 

* * 

Patent not Granted on Theory of Added or Increased Stearin. 

In the foregoing analysis of the patent in suit we have assumed the theory, 
advanced by Dr. Baskerville, that the only purpose set out in the patent as the 
result of partial hydrogenation is the addition of or increase in the proportion 
of the solid fats or saturated glycerides. That, however, is not the theory on 
which the patent was granted, and in fact is contrary to the plain and unmis- 
takable terms of the specification itself. Dr. Baskerville tried to give the im- 
pression that the patent points out the addition of the glyceride of stearic acid 
rather than palmitic as the vital feature in the patented product. But there is 
not a single word in the specification stating that solid fats or stearin are added 
or are increased. 

* * * 

The whole stress in the patent, as shown, is placed on reducing the linolin to 
- to 10% and increasing the olein to 65 to 75%. Not a word is said directly 
'.“iabont in^^ing ** the solid or saturated fats. 
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Moved by the exigencies of the case, and confronted by the triangular charts 
produced by Dr. Walker and Mr. Richter which were predicated directly on 
the three conaponents specified in the patent in suit, and which prove the chem- 
ical dissimilarity of Kream Krisp and the product of the patent in suit — Dr. 
Baskerville hastily built up a theory of “ added stearinJ’ Unfortunately for him 
he based his whole conclusions upon a fundamentally wrong analysis of cottonseed 
oil given in lines 18 to 23, page 2, of the patent in which the percentage of 
.saturated glycerides is given as 17%. So far as is known there never was such 
a cottonseed oil having the percentages of component glycerides given in the 
patent. Dr. Baskerville had never seen one, he admitted, nor had Morrison or 
any one else. Dr. Baskerville evidently had not read Morrison’s deposition taken 
at Cincinnati in which he explained that that analysis was a blunder. 

* * it 

Morrison also testified that the cottonseed oil being used at the time he made 
that analysis had iodine values of 108 to 110, and that the iodine values of the 
liquid fatty acids ranged from 147 to 148. He gave an analysis of the oil like 
that being used, as 48% linolin, 29.6% olein and 21.8% saturated fats. 

It is of record, as admitted by Dr. Baskerville, that ordinary cottonseed oils 
contain from 20% to 25% saturated glycerids. 

* « * 

To support his theory of added fats. Dr. Baskerville produced some charts 
IV, V and VI, purporting to show how the solid fats were increased in the 
product of the Burchcnal patent from 17% up to 20 to 25% — but his charts, as 
he was forced to confess on cross-examination, were based upon the fundamentally 
wrong analysis of the cottonseed oil given in the patent in suit, and utterly 
disregarded the statement of the patent that the decrease in linolin and increase 
in oleki'*.'%ere what it was desired to accomplish. Dr. Baskerville tacitly ad- 
mitted on direct examination, when he presented his charts that they were 
illogical. 

♦ ♦ ♦ 

With Dr. Baskerville’s admissions and concessions, his charts are swept into 
the discard and with them his theory of “ added stearin ’’ being the predom- 
inating feature of the patent in suit. 

It is self-evident that with the product of the BUrchenal patent, being de- 
sunbed ir ‘’pecific detail as having 20 to 25% of saturated fats, and with cotton- 
seed oil having 20 to 25% saturated fats, there could be practically no change 
in the proportions of the saturated glycerids during the hydrogenation. For 
example, the oil which Morrison said they were using when he gave the analyses 
of the Burchcnal product had 12.8% saturated fats. The samples of the average 
product as described in the patent had 23% saturated fats. In such case the 
saturated fats were increased from 21.8 to 23 — a difference of 1.2%. 

Nothing could be clearer, in the patent in suit, than that Burchenal did not 
want to increase the stearin, because he thought it was indigestible and of 

small value as shortening.” What he said he wanted to do, and did, was to 
have a product with only 5 to 10% linolin and 65 to 75% olein. 

« * « 

Unfortunately for Dr. Baskerville, he knew nothing of this previous testimony of 
Mr. Morrison, or he would not have been mislead by his zead on plaintiff’s behalf 
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to advance such untenable theories aa to the patent in suit and to back them up 
by his erroneous Oharts. 

* * * 

But in the case at bar the plaintiff is seeking to exclude the public from one 
use of the semi-solid hydrogenized oil under the claims sued on, though conceding 
that the public has the right to it for other uses. That is, by labeling it a 
food-product ” or calling it “ lard-like the plaintiff hopes to prevent the use 
in cooking, of the product which the public has the right to use in making soap, 
or candles or lubricants. It is just as though a manufacturer of hydrogenized 
semi-solid cottonseed oil products of a relatively soft consistency, such as that 
of lard, should fill two barrels with his product manufactured exactly as directed 
in the parent in suit and should label one of them “ soap stock and the third 
lard substitute.” He ships the soap stock to a soap dealer and he ships the 
other barrel labeled “ lard substitute ” to a food products jobber. According to 
the plaintiff’s theory the original manufacturer would infringe the patent in 
suit when he made that part of the hydrogenized oil which he labeled as a lard 
substitute and sold to the food products jobber, and would not infringe the 
patent by marking the material “ soap stock ” which he shipped to the soap 
maker — a proposition which leads to the inadmissible conclusion that for one 
use or purpose the article of manufacture may be public property and for another 
use may be subject of a patent. 

* « * 

So, while the plaintiff may have been the first in the United States to hydro- 
genize oil for making food products and soap stock in accordance with the process 
which Kayser brought to this country, and the first commercially to produce in 
the United States hydrogenized fats for culinary and soap making purposes, it 
really created no new industry, but merely brought into that old industry of 
making hardened oil lard substitutes, and the old soap making industry, a 
process which was then well known. The product of the patent in suit, while it 
might have been commercially new in the sense that it was produced by a 
process which had not actually been used in this country in producing like hard- 
ened cottonseed oil, until Kayser brought it here, was not patentably novel. 

Moreover, it has not l)een established that the j)roduct of the patent in suit 
has ever been commercially manufactured and sold. That product, as has been 
repeatedly shown herein, must necessarily have not more than 10% hnohn, not 
less than 65% olein and not more than 25% stearin. Crisco was not produced 
and placed on the market until May, 1911, some six months after the patent in 
suit was filed, and plaintiff’s chemical superintendent has testified that it does 
not contain the proportions or percentages of the component glycerids refcited 
in the patent as the supreme identifying test of the patented product. 

Moreover, consider the enormous sums of money spent upon the advertisings 
of Crisco: Taylor testified that in 1911, $180,000 was spent for advertising, and 
$400,000 each year thereafter in all, — ^the vast sum of at least $2,000,000 during- 
five years. That money was spent in full page or two page advertising in all 
the great national and weekly magazines; free cans of Crisco were sent to 
15,000 mercha^its selected throughout the United States; every jobbing dealer 
in the United States was supplied or furnished with advertising circulars and 
aJaO fullieize samples of Crisco; an extensive campaign of street-car advertising 
WM Wried oUt in a dozen or more cities; bill poster and newspaper advertising. 
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was carried on; and advertising by lectures delivered in various domestic science 
schools, and universities by authorities in domestic science. 

Notwithstanding that tremendous and most expensive advertising campaign, 
the sales of Crisco at the end of the fifth year amounted to only one-eighth to 
one-fourth of the sales of another lard substitute made by Swift & Company, — 
" Jewel ” compound or shortening. 

The sales of Crisco therefore are not due to any peculiar excellence or superi- 
ority to the product, but to the campaign of advertising. In the present case, 
the plaintiff used an attractive trade-mark name “ Crisco ” which doubtless 
helped to make the advertising effective. Anything, that is not absolutely 
dangerous, can be sold in large quantities if more than $2,000,000, is spent in 
advertising it. 

♦ ♦ * 

An argument based upon commercial exploitation fails, therefore: 

First, because a new industry was not created, but on the contrary an old 
process was employed in an old industry to produce an old result; 

Second, because the sales of Crisco were due, not to any intrinf3ic merit pos- 
sessed by It, but to a stupendous advertising campaign, and the expenditure of 
enormous sums of money in advocating and inducing its purchase; and 

Third, because the sale of Crisco is no criterion as to the novelty or utility 
of the product of the pjitent in suit, since Crisco does not meet the supreme 
identifying test prescribed in the patent. 

♦ ♦ ♦ 

Shortening Values 

(a) The specification of the patent says that solid fats such as the saturated 
glycerides of the fatty acids, stearic, palmitic, etc., “ are of very small value for 
shortening,” lines 46-48, page 1. Defendant has shown by Dr. Bacon that the 
Ward Baking Company now uses only the hard fats having a high melting 
point as ’bortening m the manufacture of bread and that a remarkably small 
amount will suffice for the purpose. The McFarland patent No. 884,606, 
describes the use of a hard fat as a shortening agent as early as April 14, 1908,, 
the date of its issue; and the use of stearine, mixed with acid phosphate, in 
bai* !ng powders and self-raising flour, is described in the Horsford patent of 1856- 
quoted by Judge Blatchford in Rumford Chemical Works vs. Lauer. 

Miss Hanko, the plaintiff's culinary expert, testified that, as to a hard fat, 
such as in Florolene, in which it is admixed with flour, she could see no objec- 
tion to the hard fat as a shortening agent. 

(b) The specification says that: 

Oil, liquid at the ordinary temperatures, does not make the best short- 
ening, because the oil remains liquid, keeping the food in a soggy condi- 
tion, and the oil will even settle to the under part of the cooked product 
and soil the cloth, paper, or whatever it may come in contact with, page 
1, lines 54-61. 

This statement has been disproved by Dr. Walker, by Miss Hanko, and 
by Dr. Bacon, the latter further testifying that for many years large bread 
bakeries used only liquid oil in the manufacture of bread as the shortening agent. 
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(c) The specification states that: 

It is evident, therefore, tliat oils or fats containing notable quantities 
of glycerides of linolic acid or of lesser saturation, are distinctly inferior 
as an edible product to those containing a minimum of these glycerides 
with a larger per cent of olein, page 1, lines 35-41. 

Cottonseed oil contains a notably high percentage of linolin (48%) whereas 
olive oil contains a small percentage — less than 10% (see Walker’s chart, No. 9) 
— and about 80% of olein, but common usage as a table oil shows that cotton- 
seed oil is not “ distinctly inferior ” to olive oil. In Bulletin No. 505 of the 
United States Department of Agriculture dated February 13, 1917, of which, 
as a publication of the United States Government, this Court may take judicial 
notice, it is said, page 18: 

With allowance for metabolic products, the coefficients of digestibility 
have been found to be for olive oil 97.8; for cottonseed oil 97.8; for 
peanut oil 98.3; for cocoanut oil 97.9; for sesame oil 98; and for cocoa 
butter 94.9 per cent. These values indicate that the vegetable oils studied, 
with the exception of cocoa butter, have for all practical purposes the 
same digestibility and are utilized as completely as the animal fats." 

(d) The specification contains an analysis of cottonseed oil, which all of the 
experts agree is fundamentally erroneous, and which was, as has already been 
shown herein, based on a blunder by Mr. Morrison, who made the analysis. 
This needs no further elaboration. 

(e) The specification states in effect that the product, having a range in 
iodine value of 55 to 80, contains “ from about 1.5% to 2.5% of additional 
hydrogen more than in the non-hydrogenized material," page 2, lines 4 to 7, 
whereas Mr. Richter has shown that a partially hydrogenized cottonseed oil 
product with an iodine value of 80 contains 2.04% additional hydrogen and that 
a like product with an iodine value of 55 contains 3.75% additional hydrogen, 
more than in the original non-hydrogenized cottonseed oil. T. 11., pages 603, 
Qsl98-199. This was not controverted by plaintiff on rebuttal, and shows that 
the statement quoted from the specification as to the percentage of additional 
hydrogen is not founded on fact. 

(f) The puffing " or self-laudatory statements of the patent as to the lesser 
liability of the product, responding to the identifying tests of the patent, to 
become rancid than lard, and its capacity to be heated to a higher temperature 
than lard, and its being an “ ideal " product for frying and better than lard as 
a shortening are incapable of proof, and even " Crisco " has not been shown 
by plaintiff to excel in the respects noted. Defendants on the contrary have 
shown, by Dr. Bacon, that Crisco turns rancid more rapidly than lard, Dr^ 
Bacon, RDQ363, T. R., page 722, and by Mr. Richardson that the smoking 
point temperatures- of lard and lard substitutes depend upon the deodorization 
of the products with live steam, and that this is true of all fats. The steam 
treatment drives off the volatile constituents of the fat, and raises the tempera- 
ture at which the fat will begin to smoke when heated to high temperatures. 
Richardson, Qs37-43, T. R., page 558. 


• 0 '« 
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Defendant’s Process and Product 

Defendant’s product, Kream Krisp, was first placed on the market in Sep- 
tember, 1914, and by March 1st, 1915, the production was between one and two 
tons daily or at an annual rate of 300,000 to 600,000 pounds. Richter, pp. 
207-208, T. R., 604, 605. Kream Krisp evidently came to the attention of the 
plaintiff soon after it was placed on the market, since in February, 1915, Burch- 
enal wrote to the defendant that it was infringing its patents on “ food products ” 
though in point of fact he then had no food product patents. The application 
for patent in suit was pending, however — so he filed an amendment presenting 
present claims 1 and 2 on March 5, 1915, and lowered the melting point range, 
as Originally given, doubtless with the hope of covering Kream Krisp. 

Kream Krisp is produced by a wholly different process from that described 
in the patent in suit, the process of its manufacture being patented in Letters 
Patent to Hugh K. Moore, No. 1,121,860, dated December 22, 1914, applied for 
Feb. 26, 1914, and No. 1,184,489, dated May 23, 1916, applied for Oct. 31, 
1914; Ex. Book, pages 62, 78. In the “batch process,” as described in the 
Norman British patent, the Kayser patents and the patent in suit, a batch of 
oil with the finely divided catalyst mixed therewith, is heated, and by bubbling 
the hydrogen through the mixture, or agitating the mixture in the presence of 
hydrogen, there is caused a triple contact of a small body of catalyst, a large 
body of oil, and hydrogen — in consequence of which a certain “ selective action ” 
takes place and the linolin is first acted on by the hydrogen and converted to 
olein during the early stages of the process. 

In the defendant’s process the body of nickel catalyst — not chemically de- 
posited on kieselguhr— but mechanically mixed with shredded asbestos, for the 
same purpose that hair is mixed with plaster to keep the layer from cracking, — 
is spread in layers between sheets of asl>estos. These layers form a horizontal 
diaphragm in*the hydrogenating vessel. Then oil heated to the desired tempera- 
ture is sprayed by heated hydrogen from a rotating nozzle arranged above the 
diaphragm. Additional heated hydrogen is admitted to the vessel, or “ capsule ” 
as it is called, in the compartment above the diaphragm, so that the pressure 
above the diaphragm is greatly in excess of that below it. The fine spray of 
oil is therefore instantly driven through the porous catalytic diaphragm, and 
emerges therefrom, a portion of it being hydrogenized in its transit. The rotating 
nozzle sprays the oil on successive portions of the diaphragm, — the hydrogen 
a)one sw v,ping through the other portions of the diaphragm and “revivifying” 
the catalyst by the absorption of the hydrogen on the nickel particles, or by 
uniting therewith to form an unstable hydride. The oil in passing through 
the diaphragm in the twinkling of an eye is acted on by the hydrogen in or on 
the catalyst — and since the catalyst is greatly in excess of the oil which is passing 
therethrough — the selective action of the batch process does not take place. 
On the contrary, a portion of the linolin is converted directly to a saturated 
glyceride (stearin) or else coincidently a portion of the linolin is converted to 
olein and approximately a like portion of olein is converted to stearin. The result 
is that in the product of defendant the percentage of olein is substantially the 
same as in the original oil, while the stearin has been increased at the expense 
of the linolin. The resultant product contains the same kind of glycerides as 
the original oil (disregarding Dr. Baskerville’s theory of mixed and simple glycer- 
ides) but they are in different proportions. Walker, Qs34r-65, T. R., pages 492 - 
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516. The cottonseed oil which is employed by defendant, is thus converted 
into a product like the sample can introduced in evidence by the plaintiff, as 
follows: 


Per cent saturated glycerides. 

Per cent olein 

Per cent linolin 


Cottonseed Oil. 

31 5 
32.5 
46 


Kreain Krisp. 
28 

34.3 

37.7 


The range of the proportions of component glycrerides given by Mr. Richter, 
who has charge of the analyses of Krcam Krisp at defendant’s factory, is as 
follows: 


Per cent saturated fats 28-43 

Per cent olein 34 3-37 

Per cent linolin 33.3-37.7 


The iodine values of Krearn Krisp range from 83.8 to 94.7; the melting 
points range from 33.9® to 46.6° C.; and the titers range from 33.4 to 36.5. 

In the particular product, on which the charge of infringement is based, 
to wit, that contained in the Kream Krisp can be offered in evidence by plaintiff 
as a part of Exhibit No. 2, the melting point is 35.7, the titer 23.85, the sapon- 
ification value 194.5 and the Halphen test is negative. So far as the Halphen 
test is concerned, Richter testified that the sample was most unusual, since he 
had never before seen any of defendant’s product which did not give a positive 
result on being tested, and explained that the oil was probably overheated. 

On comparing the Kream Krisp with the original oil from which it was pro- 
duced, it is very striking that the proportion or percentage of olein in the two 
is substantially the same, having been increased from 32.5% in the oil to 34.3% 
in the product — an increase of 1.8%. The linolin has been decreased from 
46% to 37.7% or— 8.3 and the stearin increased from 21.6 to 28% or 6.6. 

Cottonseed Kream 
Oil. Krisp. 

Saturated glycerides 21. 5+6. 5= 28 
Olein 32.5+1.8 = 34.3 

Linolin 46-8.3=37.7 

The stearin or saturated glycerides have been mainly increased at the expense 
of the linolin. It cannot be said of the product that it is “ high in olein ” — 
within the purview of the patent in suit, because there was substantially no 
increase in the proportion of olein in the original oil; nor can it be said that 
the product is “ low in linolin since more than one-third of it consists of lin- 
olin. Only 8.3% of the original oil has been changed at all — 1.8 has been 
changed from linolin to olein and 6.6 has been changed to stearin. 

The remainder of the product has been unchanged. Whether the linolin . 
was converted directly to stearin with only a small portion being converted to 
olein, or whether with the conversion of 8.2 parts of linolin to olein, 6.6 parts of 
olein is changed to stearin simultaneously therewith, is not known, and there is 
at present no known method of analysis by which this can be definitely ascer* 
tained. 
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Kream Krisp Does Not Infringe the Patent in Suit 


So far as the proportions of the glycerides is concerned there is a profound 
difference between the two products — that of the Burchenal patent and Kream 
Krisp as might be expected from the totally different processes by which they 
are produced. In addition, the iodine values are different, the titers are differehti 
and the percentage of added hydrogen are different, all as will be seen from the 
following comparison, using Richter’s figures: 


Iodine value 

Melting point 

Titer 

Per cent saturated fats.. 

Per cent olein 

Per cent linolin 

Per cent added hydrogen 
Saponification value 


Burchenal Product. Kream Kriip. 


65-80 

94.7 

33°-40° C. 

35.7 

35°-42° C. 

33.85 

20-25 

28 

65-75 

34.3 

5-10 

37.7 

1.5-2. 5 

.876 

195 

194.5 


It will be noted from the foregoing that the iodine value of Kream Krisp 
is 94.7 as against the maximum of 80 given in the patent in suit; that Kream 
Krisp contains more than three times the maximum quantity of linolin stated 
in said patent, contains a little more than half of the minimum quantity of 
olein, and 3% more than the maximum quantity of saturated fats or stearin; 
that the titer is less than the minimum given; and that the per cent of added 
hydrogen is less than that given in the patent. 


♦ « « 

Kream KrUj) does not meet a single identifying test pointed out in the patmt 
in suit, with the exception of its melting point, which is given by Richter as 
35.7° C.; and as to the melting point be it remembered that when Burchenal 
first filed his application the melting point range was then given as from 36 
to 43° years afterwards changed to 33°-40° because Burchenal changed his 
opinion as to what the desirable melting point should be. 

That Kream Krisp does not infringe the patent in suit is thus made clear. 

It is true that Kream Krisp is used as a substitute for lard or butter, and is 
of such consistency that it may be used in their stead. In that respect it does 
not differ irom the lard substitutes like Jewel and Flake White, —in fact, it is 
much more hke Jewel compound than it is like the product of the patent in suit. 

We call attention to a very significant statement in the patent to be found 
in lines 89-94, page 1, thereof, as follows: 

In practice, the operation is stopped when the oil has been converted 
into a product which cools to a white or yellowish semi-solid more closely 
resembling lard ttuin do the commercial mixtures of cottonseed ail and animal 
oho stearin. . . . (Italics ours.) 

Just what the italicized clause means, the patent does not state. It cannot 
mean that it is different from those compounds by reason of the melting point, 
or the mes to which they are respectively put, for therein lie no distinctions. 
It may mean that the Burchenal product is chemically more like lard, inasmuch 
as lard has 8% to 10% of linolin and is relatively high in olein. If the latter 
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is meant, then surely it excludes Kream Krisp, as will be apparent by a com- 
parison of Kream Krisp with Jewel compound, which was one of the commercial 
mixtures referred to, and the Burchenal product. 



Kream Krisp. 

Jewel. 

Burchenal Product. 

Per cent saturated glycerids 

28 

29.5 

20-25 

Per cent olein 

34.3 

29 

65-75 

Per cent linolin 

37.7 

41.5 

5-10 


The comparison can best be made visually by the triangular chart 402 (oppo- 
site page 575, of the Trial Record), produced by Richter, on which the products 
are graphically portrayed in the terms of these three comix)nents, to wit: sat- 
urated glycerids, olein and linolin referred to in the patent in suit. We here 
reproduce that chart which Dr. Baskerville admits is an “ excellent ” chart for 
indicating the percentages of the comi>onent glycerids. The cottonseed oil, 
Kream Krisp, Jewel and Burchenal's product are all located. A mere glance 
shows that Jewel and Kream Krisp are quite similar in their composition, and 
that both are equally remote from the composition of the Burchenal product. 
They also have approximately the same percentages of solid or saturated fats, 
although slightly more than Crisco. 

Kream Krisp therefore is directly excluded from the scope of the patent, in 
addition to its failure to meet the identifying tests which are described in the 
specification thereof. 

While, in the production of Kream Krisp, a portion of the oil is hydrogenized — 
it is by a process wholly different from that described by Burchenal. In fact, 
the record clearly shows that by the batch process and under the conditions of 
hydrogenation recited in the patent in suit Kream Krisp cannot be produced; 
and that by the process practiced by defendant it is impossible to produce the 
product described and defined in the patent. 

* * 4e 

The patent in suit was pending in the Patent Office five years, during which 
the art progressed, and defendant’s product had appeared on the market. After 
the application for patent was filed on November 10, 1910, and was rejected 
by the Examiner on December 13, 1910, Burchenal deliberately let the matter 
lay for one year until December 13, 1911, before replying to the examiner. The 
case was promptly rejected again on December 29, 1911, and again nearly eleven 
months passed by before Burchenal responded on November 20, 1912. In the 
meantime Ellis had secured patent No. 1,038,545 for a butter substitute, and 
then Burchenal tried to claim that his material was a butter substitute also. 
Burchenal, however, had described his material as melting from 36® to 43® C., 
that is, at a temperature higher than 36.6® C. (blood heat), whereas a vital 
characteristic of butter is that it melts below blood heat or body temperature. 
It was at this time that Burchenal presented the matter occurring in lines 13 to 
74, page 1, of his printed specification, except that in line 64 he then referred to 
his product as “ butter-like ” instead of lard-like.” Burchenal was trying to 
grab Ellis’ invention. 

The Examiner however prevented that, refusing to permit Burchenal to call 
his product “ butter-hke ” and pointing out that the preferred melting point 
as originally described by Burchenal, was 41®-42® C., and that it was very much 
higltier. than the melting point of butter. Foiled in his attempt to cover the 
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Ellis product, Burchenal then concluded that his own material was lard-like " 
and inserted that expression for the first time in his claims. Later on, March 17, 
1913, Burchenal took out of his claims reference to the melting point of 36® to 
43® C. and substituted a reference to the iodine value instead. This was evi- 
dently done, because he wanted to get rid of that high melting point range of 
“ 36® to 43° C.” in his specification, and it was his first move in that direction. 
He accomplished his ultimate purpose on March 5, 1915, when he substituted in 
his present specification a statement giving the melting point range from 33° 
to 40°, thus changing -what he had originally sworn was one of the identifying 
tests of his product. As Morrison testified, Burchenal probably “ changed 
his opinion afterwards ” as to the preferred melting point of his product. 

♦ ♦ • 


Conclusion 

Without attempting to summarize all the matters discussed in the brief, — 
for the length of which we apologize — we submit that we have, by the Record 
in this case, established beyond a shadow of doubt the several defenses set up 
in the answer as amended. 

I. We have proved that prior to any date of invention that can be claimed 
for Burchenal, the hydrogenation of the various animal and vegetable oils to 
various degrees of saturation, or to various consistencies, had been explained 
fully, clearly and exactly by Normann, Bedford, Paal and Roth, Fokin and 
Kayscr; that the phenomena of the reaction had been so minutely described 
that any oil chemist or technologist was able to reproduce the processes and 
reproduce the products, as was actually done by witnesses called by the defend- 
ant; that the earlier patentees and investigators had called attention to the 
freedom from rancidity which the hydrogenized products possessed, to their 
failure to respond to the Halphen reaction, to the various iodine values and 
consistencies which could be secured in the products, and to the fact that in the 
process no side reaction products were produced save nickel-soap, which was 
easily removable by known methods; and in fact that their various products were 
edible food products. 

We have proved by the admissions and concessions of Burchenal, patentee of 
the patent in suit, that he was not the originator of the process of hydrogenation 
desoiibed in said patent; and that he makes no claim to the process, or any 
part thereof, described in the two Kayser patents, which process, as accurately 
and exactly described in one of the Kayser patents, is for hydrogenating cotton- 
seed oil to a semi-solid of any desired consistency as determined by its iodine^ 
value or titer; that such process was disclosed to him (Burchenal) by Kayser; 
and that, in fact Kayser’s products were' edible including those brought to this 
country by Kayser. 

We have further shown that Kayser disclosed to "Von Phul, a disinterested 
witness, that he was working on a food product, and that he showed the first 
material produced by him in this country to Von Phul and told the latter it was- 
his new food product, and this before Burchenal by ** cerebration ” decided that 
Kayser’s products were edible; we have shown that Kayser himself is not and 
was not available as a witness, and therefore could not be called to substantiate 
Von Phul’s evidence; and we have shown that we have called, as hostile wit- 
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nesses, the only persons who did know of Kayser's work, namely, BurchenaJ, 
Anderson and Procter, whose testimony would naturally be biased on behalf of 
the plaintiff. 

We have proved that Burchenal was not an independent inventor — that he 
was not one skilled either in the art of hydrogenation or in the art of fatty food 
products, that he could point to no single inventive act or deed that could be 
■credited to him, and that his knowledge touching the production of semi-solid 
hydrogenized cottonseed oU was all obtained from Kayser — the fountain head of 
his information. 

We have proved, by the very records of the plaintiff, the production by 
Kayser on March 5, 1908, of a serni-solid incomjdetely hydrogenized cottonseed 
oil having the melting points 42° and 43° C., one of which Burchenal described 
in his application as filed as the i)referred melting point of his patented product 
which Kayser products were reproduced for the trial and were shown by Mr. 
Richter to be edible. 

These facts established the invalidity of the patent for want of originality, 
novelty, and lack of patentable invention. 

II. We have shown that the description contained in the specification and 
the claims in suit are lacking in that completeness, clarity, and exactness which 
U. S. R. S., 4888 requires as a condition precedent to the grant of letters patent, 
for we have proved both by the concessions and admissions of Bur(;henal and 
Anderson that it would be “ a lucky strike ’’ if one should produce the alleged 
new product by following the description contained in the specification, and by 
the testimony of Richter that he failed after repeated trials and experiments — 
following the description of the patent— to realize the alleged new product 
having the proportions of component glycerides stated therein. 

We have proved by Burchenal's concession that even he does not know what 
factors are necessary to produce a partially hydrogenated semi-solid cottonseed 
oil which is high in olein and low in linolin with only sufficient stearin to make 
the product congeal, as defined in the specification, which the patent states is 
chief characteristic of the alleged new product. 

These facts as proven establish that the patent is void. 

III. We have established out of the mouths of the plaintiff's officers, including 
the patentee himself, that if there be any invention in the patent in suit (which 
we have shown is not so) it is the invention of Kayser, and that taking advan* 
tage of Kayser's absence from this country Burchenal patented the same. The 
facts as proven show that this was done unjustly and surreptitiously. 

Wherefore, the patent in suit is void. 

IV. We have proved by the proceedings in the Patent Office in connection 
with the filing and prosecution of the patent in suit, and by the admissions of 
the patentee, and the limitations imposed by the Commissioner acting through 
the Examiner that the alleged new product is necessarily limited to, and must 
contain, a specific percentage of component glycerides, to wit: 29-25% saturated 
^ycerides, 65-75% olein, and 5-10% linolin, in addition to falling within an 
iodine value range of 55 to 80, and that no product can infringe the claims of 
the patent which does not meet both these identifying tests. 

V. We have proved that new matter vitally changing the original description, 
and which was not predicated upon the original disclosure, and which was a 
radical departure therefrom, was inserted in the specification without a sup- 
plemental oath, and that the claims in suit were inserted without a supplemental 
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"oath after defendant’s product was m public use and on sale, by virtue of all of 
which the patent and said claims arc invalid. 

VI. We have proved that the manufacture of homogeneous lardlike food 
products consisting of cottonseed oil hardened to the consistency of lard, is an 
old and well-known industry; that giving to the oH its semi-solidity (1) by par- 
tial hydrogenation, ( 2 ) by (lie addition of hard hydrogenized fats, or (3) by the 
addition of the usual oleo stearine, enables it in either case to be used for all 
purposes as a substitute for lard in the culinary arts and for food purposes, and 
that in the last analysis (jis distinguished from a product having the propor- 
tions of component glycerides recited in the patent), the amount of added solid 
fat is substantially the same, as conceded by Mr. Morrison, plaintiff’s chemical 
superintendent. Hence, when the plaintiff makes the claim that it has started 
a new industry, it can only mean that it has extended into an old industry an 
old product produced by an old process. In this connection we have shown 
that “ Crisco,” which the plaintiff relies on as the product of the patent in suit, 
is not in reality that product, as it fails to meet the supreme identifying test of 
the patent, i e., the proportions of percentage of component glycerids. And we 
have further shown that no one but, the plaintiff really Icnows just how Crisco 
is made, and just what proces.scs are used in its production. “ Jealously guarded ” 
secrets constitute a wall around Oisco, through whose unpenetrable thickness 
neither the Court nor this defendant nor the public can see to learn the real 
prof..*ss of its manufacture. And we have further shown that millions of money 
have been lavished with a free hand to force Crisco on the pubhc, in every way 
known to advertising managers, including the subsidizing of cooking school 
and university lectures. Yet, notwithstanding the spending of fortimes rivalling 
the la^osh outlays of the Count of Monte Cristo, the annual sales of Crisco are 
less I 'U -fourth than those of ‘"Jewel” shortening manufacturing by one con- 
cern- -Swift & Co. 

VII. By the record we have proved: 

(a) That defendant’s product does not meet the identifying tests set 
forth in the patent in suit, since it has neither the titer, the iodine value, 
the saponification value, nor the proportions or percentages of component 
glycerids, therein set forth as identifying the alleged new product. 

(b) That defendant’s product is not “ lard-like ” in the sense in which 
those v^ords are Used in the patent and that it neither smells nor tastes 
like lard, both the taste and smell thereof being different from the char- 
acteristic taste and smell of lard. 

(c) That defendant’s product is not made by the process described in 
the patent in suit. 

(d) That the process as described in the patent in suit will not produce 
defendant’s product. 

(e) That defendant’s process is a process covered by the Moore patents 
and is clearly unlike the process of the patent in suit, and that the reac- 
tions in the two processes proceed differently and produce markedly 
different results, and 

(f) That defendant’s process cannot produce the product of the patent in 
suit. Therefore, the defendant’s product does not infringe the patent in suit. 
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VIII. We have shown in addition to the foregoing, that the equities in th& 
case at bar are with the defendant; that its product is directly excluded from 
the scope of the patent in suit by the specification — since its chemical composi- 
tion is substantially that of “ commercial mixtures of cottonseed oil and animal 
oleo-stearin ” from which the patented product is distinguished in the specifica- 
tion; that it embarked upon the manufacture of its product in good faith; 
that the claims in suit, unsupported by a supplemental oath, were deliberately 
inserted in the application after defendant’s product had for months been pro- 
duced in large quantities and had gone into public use and had been inspected 
by the patentee. 

We urge that the Court, in the protection of the rights of the public and of 
this defendant, should declare this patent in suit to be invalid or void, and thus 
preserve to the public and the defendant the inherent right to put to their 
natural uses those hydrogenized oils which it is conceded the patentee did not 
invent or discover. 

And we urge that the Court should also find as a matter of both fact and law 
that defendant’s product “ Kream Krisp ” is not an infringement of the patent 
in suit. 

We submit that on the grounds stated the bill should be dismissed with costs 
in favor of the defendant. 

Respectfully submitted, 

MARCUS B. MAY, 

JOHN C. PENNIE, 

Counsel for Defendant. 

New York, N. Y., April 28, 1917. 


THE DECISION OF JUDGE AUGUSTUS N. HAND. 

This suit is for infringement of patent No. 1,135,351, granted to the com- 
plainant as assignee of John J. Burchenal, on April 13th, 1915. The applica- 
tion for the patent was filed November 10th, 1910. The specification states 
that the invention is for a food product consisting of a vegetable oil, preferably 
cottonseed oil, partially hydrogenized and hardened to a homogeneous white or 
yellowish semi-sohd closely simulating lard. 

Claims 1 and 2 alone are in issue and read as follows: 

1. A homogeneous lard-like food product consisting of an incompletely 
hydrogenized vegetable oil. 

2. A homogeneous lard-like food product consisting of incompletely 
hydrogenized cotton-seed oil. 

The special object of the invention is, according to the specification; 

... to provide a new food product for a shortening in cooking in 
which the liability to become rancid is minimized and in which the com- 
ponents of such vegetable oils which are inferior and detrimental to use 
as si|oh a food product have been to a large extent converted into a 
higher and more wholesome fonn. All such vegetable oils contain gly- 
cerids of unsaturated fatty acids and among these notable quantities 
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of fatty glycerids of lower saturation than olein. It is the presence of 
these glycerids of lower saturation that seriously affects the rancidity of 
the material. Oxidation is largely the cause of rancidity which oxidation 
weakens the fat at the point of absorption at the double bonds, and these 
glycerids of lesser saturation readily absorb oxygen from the air at ordinary 
temperatures while the more highly saturated glycerids, as olein, only 
absorb oxygen at elevated temperatures. It is evident, therefore, that 
oils or fats containing notable quantities of glycerids of linolic acid or of 
lesser saturation arc distinctly inferior as an edible product to those con- 
taining a minimum of these glycerids with a larger per cent, of olein. 
On the other hand while it is important to get rid of the readily oxidizable 
glycerids of lower saturation, it is also important not to supply too large 
a per cent, of fully saturated glycerids. 

... In manufacturing this product cottonseed or other vegetable oil 
is caused to chemically absorb a limited amount of hydrogen by reacting 
on the oil witli hydrogen in the presence of a catalytic agent and at an 
elevated temi)erature. The oil is preferably agitated in a closed vessel 
in the presence of an atmosphere of compressed hydrogen, a catalyzer 
of finely-divided nickel carried by kieselguhr being maintained in sus- 
pension in the oil and its tenq^erature being raised to about 155“ C. 

According to the pre.scnt invention, the amount of hydrogen absorbed 
is carefully regulated and limited. In practice, the operation is stopped 
when the oil hits been converted into a product which cools to a white 
or yellowish semi-solid more closely resembling lard than do the com- 
mercial mixtures of cottonseed oil and animal oleo-stearin while in many 
respects the product is superior to the best leaf lard as a shortening. It 
is not so liable to become rancid and the product can be heated to a 
considerably higher temperature than lard without smoking or burning. 
The high temperature to which my product can be raised without smoking 
or burning makes the product ideal for frying, inasmuch as a crust forms 
almost instantly on the food fried, which prevents any absorption of the 
shvirtening. A lard-like product thus prepared from cottonseed oil has a 
saponification value of about 195 and an iodin value ranging from about 
55 to about 80. The product having an iodin value of 55 has a titer of 
about 42° and a melting point of about 40° C., that having an iodin 
vcb-. of 80 has a titer of about 35° and a melting point of about 33° C. 
Wl)ile but partially hydrogenized, containing from about 1.5% to 2.5% 
of additional hydrogen more than in the n on-hydrogenized material, it 
shows no free cottonseed oil when subjected to the Halphen test, thereby 
differing from all commercial lard substitutes containing this oil. It 
contains from twenty to twenty-five per cent of fully saturated glycerids, 
from five to ten per cent linolin, and from sixty-five to seventy-five per 
cent olein; and an average of a number of samples gives twenty-three 
per cent of saturated fats, seven and five-tenths per cent linolin and 
sixty-nine and five-tenths per cent olein, while the cottonseed oil l)efore 
treatment contained seventeen per cent saturated fats, thirty-seven per 
cent linolin and forty-six per cent olein. It will thus be seen that I have 
produced an ideal food product which is high in olein, low in linolin and 
lesser saturated fats and with only enough stearin to make the product 
congeal at ordinary temperatures. 
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The complainant urges that Burchenal first taught the art that a partially 
hydrogenated vegetable ofi, preferably cottonseed oil, was edible and was a 
useful lard substitute. It contends that prior to Burchenars conception it wm 
not known that hydrogenated cottonseed oil was edible and that the only 
processes then in use aimed at complete saturation and produced a hard non- 
edible product. Before discussing the prior art, I would say in general that 
Normann, whose patent will later be referred to, had already disclosed a method 
of hydrogenating oils, and had set forth in his specification that the process waa 
progressive and involved “ no secondary reaction.” The method of adding 
cottonseed oil to beef stearin for use as a lard compound was well known and 
much used, as it still is. The hydrogenation of cottonseed oil resulted in a 
reduction of the fluid and substitution of the solid fats. Normann’s patent, as 
well as various experiments of scientists, indicated that the addition of h}'drogen 
to cottonseed oil would result in the reduction or elimination of the fluid and 
substitution of solid or partially solid fats. No one has shown that the {>roduct 
resulting from such hydrogenation was ever non-edible or unsanitary in any 
respect. 

The British patent No. 10,783 (1887), to Joseph Scars was for a lard substitute 
composed of refined unbleached cottonseed oil and a fat adapted to give a stiff- 
ness to the compound corresponding substantially to that, of refined lard. The 
specification provided that the temperature should be raised sufficiently to in^'b. 
the fat or stearin, the heated ingredients mixed and then chilled rapidly so as lo 
prevent crystallization and separation. This general process was well known in 
the art before the date claimed for the invention of Buridienal and indeed is 
referred to in the patent in suit. A very large market for such lard-like com- 
pounds exists at the present time and has existed many years past. 

The British patent No. 1515 of 1903, to Normann discloses a process for the 
reduction of glycerides resembling that of the patent to Burchenal. Normann’s 
patent says that: 

The property of finely-divided platinum to exercise a catalytic action 
with hydrogen ... is already known. . . . Recently Sabatier and Sen- 
derens of Paris have discovered that other finely-divided metals will also 
exercise a catalytic effect on hydrogen, viz.: iron, cobalt, copper and espe- 
cially nickel. 

By causing acetylene, ethylene or benzene vapour in mixture with 
hydrogen gas to pass over one of the said metals (which had just been 
reduced in a current of hydrogen) the said investigators obtained from 
the unsaturated hydrocarbons, saturated hydrocarbons, partly with simul- 
taneous condensation. 

I have found that by this catalytic method it is easy to convert unsat- 
urated fatty acids into saturated acids. 

This may be effected by causing fatty acid vapours together with 
hydrogen to pass over the catalytic metal, which is preferably distributed 
over a suitable support such as pumice stone. It is sufficient, however, 
to expose the fat or the fatty acid in a liquid condition to the action of 
hydrogen and the catalytic substance. 

Foi: instance, if fine nickel powder obtained by reduction in a hydrogen 
current, is added to chemically pure oleic acid, the latter heated over an 
oil bath and a strong current of hydrogen is caused to pass through it 
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for a considerable time, the oleic acid may be completely converted inta 
steaadc acid. 

l%e quantity of the nickel thus added and the temperature are imma- 
terial and will only affect the duration of the process. Apart from the 
formation of small quantities of nickel soap, which may be easily decom- 
posed by dilute mineral acids, the reaction passes off without any secon- 
dary reaction. The same nickel may be use(^ repeatedly. Instead d 
pure oleic acid, commercial fatty acids taay be treated in the same man- 
ner. The fatty acid of tallow which melts between 44 and 48® C. has an 
iodine number 35.1 and a yellow colour will after hydrogenation melt be- 
tween 56.5 and 59®, while its iodine number is 98 and its colour slightly 
lighter than before, and it will be very hard. 

The same method is applicable not only to free fatty acids, but also 
to the glycerines occurring in nature, that is to say, the fats and oils. 
Olive oil will yield a hard tallow-like mass; linseed oil and fish oil will give 
similar results. 

By the new method all kinds of unsaturated fatty acids and their 
glycerides may be easily hydrogenized. 

The Normann patent clearly discloses that oils may be completely hydro- 
genized, that the process Is progressive and that it involves “no secomkry 
reac.fi. n'' in other words, that cotton seed oil which starts edible remains so. 
Tiic (xperiments and articles of Paal and Roth, which were alluded to at the 
trial, show that hydrogenization of oils including cotton seed oil was under- 
stood in the prior art. 

Such being the state of the art, Edwin Cuno Kayser wrote Procter & Gamble 
from England that he had a process of considerable value and would like to talk 
tf them about it; thereafter he came to America about November, 1907, bringing 
samples of hydrogenized cottonseed oil. He showed these to Burchenal, the 
superintendent of Procter & Gamble. As a result of his visit, he made an 
arrangement under a preliminary contract of January, 1908, to experimept upon 
the hydrogenized cottonseed oil as a substitute for lard. The first project was 
apparently to use hydrogenated cottonseed oil as a compound to be added to a 
percentage of beef stearin and cottonseed oil. Burchenal says he had done no 
work in connection with hydrogenizing cottonseed oil before he saw Kayser. 
He testified that: 

Mi Kayser went out to our factory and made sketches as to the appa- 
ratus that would be necessary to carry on this work and the apparatus 
was ordered at once; a little plant was installed for experimental pur- 
poses and I think it was ready to operate sometime in January or Feb- 
^ ruary, 1908. Deposition of Burchenal, page 11. 

The defendant succeeded in obtaining contemporaneous memoranda as to some 
of Kayser’s experiments from the records of Procter & Gamble. The first experi- 
ment was as follows: 

Fat Hardening Process by E. C. Kayser. 

First experimental lot was completed Jan. 17th, 1908. Fat treated— 
Summer Yellow Cotton-seed Oil. Used nickel Sulphate and Kieselguhr 
as described. Experiment waa conducted by Mr. Kayser alone. He 
claims to have used about 1% Nickel Metal and 2% Kieselguhr. 
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M.P. of fat after 3 hrs. 65^ C. 

M.P. of fat after 6| hrs. 60.3® C. 

Dr. Bender reports as follows: 

Melting point of fat 60.3® C. 

Hydrocarbons .33%. 

Iodine value of fat 7.14%. 

The fat does not contain free fatty acids. This material is much supe- 
rior to the samples from J. Crossfield & Sons which showed an iodine 
value of 52.26 and a melting point of 39.3° C. (The laboratory sample 
melted at 49.9° C.) Their samples contained 5.12% free fatty acids and 
2% hydrocarbons. 

Mr. Kayser reports as follows: “ The melting point of fatty acid, pre- 
pared from first lot hardened cottonseed oil is 62° C. This is several 
points higher than I ever got before. Presumably the composition of 
your oil differs somewhat from that of the oil I handled formerly.” 

Another experiment by Kayser of the date of March 5, 1908, was also obtained 
from the Procter & Gamble records in which the following melting points ap- 
peared: 

5 hrs. at ordinary pressure 42® C. 

1^ hrs. at 60 lb. pressure 43® C. 

Von Phul ' testified that Kayser told him in 1907 that he was getting up a 
patent for a food product and even Burchenars own testimony shows that 
Kayser supjmed that the product he was making was edible. If Kayser at 
first told him it was not edible he did so when they were negotiating and he 
wished to keep his process in the dark until he had arranged his terms. That 
Kayser’ 8 statement that it was not edible was not taken seriously by either 
party is shown by the following testimony: 

Q887. But you did not know as a matter of fact whether it would be 
edible or not? A. I did not. Mr. Kayser stated that it would not be 
but that was his method of talking. 

Both of these men were proceeding soon after Kayser’s arrival in this country 
to develop hydrogenated cottonseed oil as a food product. Even if the thought 
first occurred to Burchenal I cannot see that he did anything to carry it out in 
practice. Kayser’s patent No. 1,003,035, application for which was filed March 
20, 1908, disclosed the process which was employed to make the product covered 
by the patent in suit, and the specification for this Kayser patent contains the 
statement that “ The time of treatment will vary with the progress reahzed and 
with the degree of saturation aimed at.” It is to be remembered that Burchenal 
■distinctly disclaimed in his testimony that he had anything to do with the 
invention of the process covered by the Kayser patents and we thus have a 
situation where Kayser invented the process and developed the product to the 
poir^t where it was applicable to use as a food product. He came to America 
with ^ sample which as appears from the written record taken from the files of 
the complainant had a melting point of only 39® and developed other samples 
,1»^h melting points of but 42° and 43° in his March 5, 1908 experiments. 
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Moreover, it is to be remembered that Crosfield had employed Kayser to 
experiment in hydrogenating oil, that the former had been in close communica- 
tion with Normann, who had patented only four years before the process I have 
mentioned, ^nd that Crossfield had so strenuously objected to the use by Procter 
& Gamble of the processes of Kayser that they were obliged to purchase their 
rights to them. It is also noteworthy that Kayser refused to testify in this case 
and that the witnesses as to the work of Kayser in A.merica are officers or em- 
ployees of the complainant. Under such circumstances the meagerness of the 
evidence which has been adduced to show that Burchonal had anything to do 
with the development of the lard-like food product which is the subject of the 
patent in suit, coupled with his admission that the entire jrrocess under which it 
was made was the work of Kayser, is most significant and makes it impossible 
to find that Burchonal invented anything. The defendant has been embarrassed 
in its defence by many difficulties and has been obliged to go into the enemy’s 
camp to secure almost all its ammunition. In spite of this, it has established 
that Kayser at the very beginning had deveIoi)ed not only a process but a 
l)roduct little differing from Crlsco. Kayser remained with Procter & Gamble 
until well into 1910, and did not leave America until about July of that year. 
While there is some general evidence of what Burchenal and others did, or di- 
rected, 1 can find no real proof that anyone but Kayser did anything of sub- 
st.antial moment. No step was taken by Burchenal that could possibly amount 
t() invention. 

Complainant urges that the experiments of Kayser and the patents of Nor- 
inann and Kayser aimed at complete saturation and that neither realized the 
importance of a partially hydrogenized product. But the process under which 
thf‘ir products were made involved in its progress partial hydrogenation, and 
Ka\ser’s patent No. 1,004,035 distinctly stated that “The time of treatment 
will vary with the progress realized and with the degree of saturation aimed at.’* 
Kayser as far as I can see did everything that was done to develop Crisco, and 
if his work fell short of this, he achieved enough so that the final step was inev- 
itable to one skilled in the art. Kayser’s process was the complainant’s process 
and his product involved a progressive reaction fitted for any purpose. The 
broad discovery as between him and Burchenal certainly belongs to him. 

Furthermore under any fair interpretation of the patent there is no infringe- 
ment. The file wrapper indicates that the examiner rejected the claims as 
ur.ginally filed saying: 

... If the problem of simulating lard from cotton-seed oil were pre- 
sented to an oil chemist, an incomplete hydrogenization of the cotton- 
seed oil would at once suggest itself to him as a solution of the problem. 
All the claims are accordingly rejected on the , . , ground of lack of 
invention. 

Thereafter new claims were rejected upon the Kayser patents for the reason 
that his process could be arrested at any time to produce an incompletely hydro- 
genized product. Then and for the first time Burchenal filed an amendment 
setting forth certain percentages of linolin, olein and stearin which his product 
should contain. It seems quite evident therefore that Claims 1 and 2 of his 
patent would under such circumstances, if vaUd at all, be limited to substantially 
the chemical composition described in the amended specification. Indeed the 
specification closes with the statement that the inventor has produced a product 
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which ** is high in olein, low in linolin and lesser saturated fats and with only 
fcftough stearin to make the product congeal at ordinary temperatures/' 

Under such circumstances it is impossible to treat the melting point as prac- 
tically the determining factor and if this is not done the defendant's product 
Kream Krisp does not infringe. After the examiner had held that an incomplete 
hydrogenation would suggest itself to any chemist seeking to simulate lard and 
rejected the claims on Kayrer, the patentee as I have shown, amended by speci- 
fying a particular product and dwelling upon the advantages of a small percent- 
age of linolin to avoid rancidity. If, therefore, the inventor contributed anything 
to the art it was this special chemical composition which his patent discloses. 
Claims 1 and 2 should consequently be construed in the light of the proceedings of 
Burchenal before the Patent Office and not given a scope which would monopo- 
lize an art in which Normann, Kayser and others had been the real pioneers. 

Kream Krisp has a chemical composition extremely remote from that described 
in the specification of Burchenal. The following are the relative percentages: 

Burchenal. Kream Krisp. 


Per cent saturated fats 20-25 

28 

Per cent olein 

65-75 

34.3 

Per cent linolin 

fi-lO 

37.7 


Thus it appears that Kream Krisp instead of being low in linolin is extremely 
high, and that instead of being high in olein as specified in the Burchenal patent, 
it has a percentage of olein which differs but little from that existing in refined 
cottonseed oil unhydrogenated. In fact Kream Krisp seems to present many 
of the objections referred to in Burchenal’s specification and to lack the very 
things upon which the latter ba.sed his right to receive a patent. Indeed the 
composition is much closer to the lard compound Jewel made out of stearin and 
cottonseed oil than to Crisco. 

The bill should be dismissed with costs because the patent is void for lack 
of invention and for the further reason that claims 1 and 2 if properly construed 
are not infringed by the defendant. 

Dated, October 3, 1917. A. N. H., D. J. 
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Li commenting on the decision by Judge Hand in the Crisco 
case, the American Food Journal (October 1917, 567) states: 

This decision has the effect of throwing open to the food industry the right 
to make a product similar to Crisco, provided that in so doing the manufacturer 
d'les not infringe the process patent of E. C. Kayser. 

Some few years ago, owing to the rapidly increasing cost of oleostearin, all 
manufacturers who dealt therein were anxiously casting about for some less 
expensive substitute therefor. The practice of producing scrni-solid compounds 
made by mixing soft oils with those of stiffer consistency was in vogue in many 
lines, botli industrial and edible, and was recognized as a part of the existent 
art. The Kayser patent, under which Crisco is made, concerns itself with the 
method by which hydrogen is made to combine with oleic acid to form stearic 
acid, the resultant product possessing the characteristics of the saturated fatty 
acid series- !>!ss liability to turn rancid and stiffer consistency. 

Ihe Burchenal patent was an attempt on the part of Procter & Gamble to 
maintain all the rights of a patentee as to the finished product, irrespective 
of its method of production. 

The importance of the suit is readily appreciated when it is realized that 
should the Burchenal patent have been. upheld, it would have tended to stop 
all inventive work looking toward the production of a product similar to Crisco 
but made in different fashion. While the courts are generally loath to recog- 
nize product patents ” on the ground of their being against public policy, 
they are, at all times, inclined to maintain the integrity of “ process patents,^' 
the distinction being very vividly brought out. in the present case. 
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BURCHENAL PATENT SUSTAINED ON APPEAL 

On appeal, the Court found the Burchenal patent was valid and infringed (Judge 
Hough and Rogers concurring, Judge Ward dissenting). The opinion, written by 
Judge Hough, reversing the decision of the lower Court states in part, — The patent 
law does not speak in tern^e of science, though scientific evidence is necessary for the 
application of its rules. The chemical composition of steam, water and i(!e is the 
same, but they are different things, and in the same commonsense way, oil, lard 
and stearin are different things, although (with some chemical latitude), the oil 
may be said ultimately to become stearin, and to pass through the lard stage on the 
way. 

It may be assumed as true that by the mixture of cottonseed oil and animal 
stearin, a substance can be produced which, for i)ractical purposes, is the same 
thing as Burchenal’s chemically changed cottonseed oil; but one is a mixture and the 
other is not, and, assuming the difference to be important from the standpoint of 
cither chemist or cook, it is a vital difference from that of the law. 

We are, therefore, of opinion that there was invention in Burchenal’s disclosure. 
Product patents may be justly subjected to critical scrutiny, but these claims are 
far within the border line adverted to in Fonseca vs. Suarez, 232 Fed. Rep., 155; 
and, just as the conversion of an abandoned machine into an operative and suc- 
cessful one by the introduction of new, but simple feature constitutes invention, 
so we think that seizing upon thing A, which has been thing B, and was to become 
thing C, and utilizing the half-made but different product amounted to an invention 
which is duly set forth in this application. 

The finding below, that Burchenal was not the inventor of what ever invention is 
revealed, is really a declaration that one Kayzer did the inventing, and Burchenal, 
for some inexplicable reason appropriated it. This is an affirmative defence and 
must be sustained by a fair preponderence of credible evidence. Burchenal swore 
to invention in the statutory form, and the presumption of validity extends to the 
identity of the inventor, for certainly nothing could be more completely invalid than 
a patent for invention to one who invented nothing 

We are satisfied of the truth (entirely apart from all presumptions) of defendants’ 
testimony that it was not until Kayzer had returned to England, or was on the point 
of going, that it occurred to anyone that it was not necessary to first harden by 
hydrogenic saturation the cottonseed oil and then mix it with the fluid article in 
order to make a lard-like compound — but that the hardening process might be 
arrested in the manner and for the purposes disclosed by Burchenal’s application. 

Assuming now that this mental operation or discovery in the sense of the patent 
law amounted to invention, we not only find no evidence that Burchenal was not 
the inventor, but it is a strain upon credulity to believe that when this plaintiff cor- 
poration might just as well have advanced an application in Kayzer’s name it delib- 
erately preferred the fraud of prosecuting it in that of Burchenal. 

It may be, and we think is, quite true that the evidence reveals Burchenal as 
not primarily a chemist, but a man of business deeply interested in the advancement 
of his corporation’s prosperity. We recognize the fact that there is a fundamental 
difference between “new articles of manufacture and new articles of commerce”; 
and it, may also be .quite true that Burchenal’s contribution to the sum of human 
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knowledge grew out of the trained business man’s observation of the possibilities of 
a chemist’s process, which he was himself quite incapable of devising. 

But just as it is immaterial whether a patentee “understands or correctly states 
the theory or philosophy of the mechanism which produces” his new result, so it is 
immaterial whether, when Burchenal observed and seized upon as a new and useful 
thing a half hydrogenically saturated oil, he was actuated rather by commercial 
instinct than acquired chemical knowledge. It is enougb that he had both a mental 
conception and a tangible reduction to practice, and that is all that the patent law 
requires. Quite possibly this patentee would never have conceived the thought, 
had he not watched Kayzer, but he could and did get something out of Kayzer's 
train of phenomena, which the latter neither thought of, nor reduced to practice. 

The final objection to a decrei^ in plaintiff’s favor is that properly construed the 
claims in suit arc not infringed because (a) the defendant’s product widely varies 
from that of the patent in the relative percentages of saturated fats, olein and lin- 
olin, (6) the process pursued by defendant in making its product differs radically 
from that said to bo disclosed or assumed in the patent in suit, and (c) that said 
claims arc to be regarded as strictly limited, if not substantially abandoned, through 
or by reason of the proceedings in the Patent Office as revealed by file wrapper con- 
tents. 

As to the first point (a) it is enough to note that, while the variation insisted upon 
is true, it must, to negative infringement, be at least a variation extending beyond 
the limits of a valid claim read in the light of the disclosure. 

In this instance it is not denied that what the defendant makes and sells is not 
only lard-like, homogeneous in the sense of mixturele.ss, and wholly consisting of an 
incompletely hydrogenized (cottonseed oil, but it is within the limits of iodin-value, 
titre and melting points specified in the application. Therefore, it is an infringement. 

It is true {h) that defendant’s process of manufacture is very different from that 
of plaintiff, and we are willing to assume it different from and better than anything 
known to Burchenal or developed by Kayzer. But this patent is upon a product, 
and, if the product complained of is the patented article substantially as described, 
it makes no difference by what path or process, new or old, inferior or improved, the 
infringing product is manufactured. 

**♦♦♦♦♦ 

For the reasons stated the decree appealed from is reversed with costs both here 
and below, and the cause remanded with directions to enter a decree adjudging 
Claim 1 and 2 valid and infringed. 

Judge Ward, in expressing a dissenting opinion, stated that he considered the 
District Judge right in holding the patent void for lack of invention. To apply 
semi-solid hydrogenized oil as a substitute for lard in cooking was no doubt novel 
and useful, but was not, in his opinion, invention. To one skilled in chemical art 
such use was as obvious as were the many mechanical improvements, which, though 
new and useful, have been held not inventions within the capacity of those skilled 
in the art. 

There was nothing revolutionary about this new use. Fats satisfactory for 
culinary needs are abundantly available, yet the complainant is given a monopoly 
of all semi-solid homogeneous hydrogenized vegetable oils, however produced, 
when applied to culinary purposes, 
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Anode, zinc, 274. 

Anthracene, 220, 222. 

Anti-catalytic action of certain metals,. 
248. 

Anti-catalytic bodies, effect of, 249. 
Anti-catalytic substances, see catalyzer 
poisons. 

Antimony, 246, 265, 455. 

Antimony bromide, 164. 

Aouara, 402. 

Apparatus for circulation of hydrogen 
gas, 26. 

Apparatus for extraction of nickel, 234. 
Apparatus for hydrogen at high pre.ssure, 
529. 

Apparatus for laboratory hydrogenation,. 
76. 

Apparatus for making catalytic material,. 
157. 

Apparatus for reducing metallic oxides, 
156. 

Apparatus for separating hydrogen from 
other constituents of water gas, 465. 
Apparatus, hydrogenation, 414. 
Apparatus of Arnold, 81. 

Apparatus of Charlton, 62. 

Apparatus of Chisholm, 57. 

Apparatus of de Jahn, 68. 

Apparatus of Hemptinne, 31. 

Apparatus of Higgins, 95. 

Apparatus of Hoehn, 82. 

Apparatus of Humphreys, 64. 

Apparatus of Ittner, 93. 

Apparatus of Sugita, 93. 

Apparatus of Voswinckel, 52. 

Apparatus, reduction, 171. 

Application of electricity, 3. 

Arabic, gum, 200. 

Arachidic acid, 285, 286, 299, 309, 314.. 
345. 

Arachidic acid in hydrogenated men* 
haden oil, 299. 

Arc decomposition of water, 558. 

^rc, iron, 62. 

Arc method, 245. 

Arc on petroleum oils, 419. 

Arc process, 142. 

Ardery, 534. 

Ardol, Ltd., 603. 
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Armitage, 400. 

Armour & Co., 357. 

Arnold, 81. 

Aromatic amines, 168. 

Aromatic compounds, 246. 

Aromatic compounds by dehydrogena- 
tion, 434. ^ 

Aromatic hydrocarbons, 426. 

Aromatic hydrocarbons as solvents, 96. 
Aromatic hydrocarbons from coal, 437. 
Aromatic substances, 222. 

Aromatic sulpho-fatty acids, 398. 
Arsenic, 153, 232, 254, 443, 596, 609. 
Arsenic as a poison, 14. 

Arsenic in hydrogen, 163. 

Arsenic oxide, 164. 

Arseniuretted hydrogen, 609. 
Arseniuretted hydrogen, removal of, 596 
Artificial geranium oil, 376. 

Artificial lard, 354. 

Asbestos, 56, 67, 133, 135, 139, 171, 174, 
190, 198, 239, 251, 252, 254, 259, 391, 
404, 420, 432, 449, 485, 693. 

Asbestos cloth partition, 537. 

Asbestos, diaphragm, 559, 560, 563, 565, 
570, 578, 581, 584, 589, 591. 

Asbestos, nickelized, 12. 

Asbestos, nickel on, 391. 

Asche, 356. 

Ash, 395. 

’[Ash, content of, 327. 

Ash of hardened oil, 305. 

Ash of hydrogenated oil, 361. 

Ash of oil, 295. 

Ashe, 341. 

Asp bock, 60. 

Asphalt, 420. 

Assimilation of fats, 326. 

Astbury, 614. 

Atack, 296. 

Atkinson, 343. 

Atomization, cathode, 74. 

Atomization of hydrogenated oil, 342. 
Atomizing process, 13. 

Auerbach, 267, 324, 359. 

Aufrecht, 294. 

Autoclave treatment, 371. 

Automatic control of Burdett appara- 
tus, 563. 

Automatic control, system of, 585. 


Bacon, 176, 423, 481, 646, 656, 691. 
Bacteria free whale oil, 330. 

Badische Co., 52, 152, 168, 173, 175, 254, 
256, 259, 423, 449, 451, 453, 455, 469, 
476, 498, 499, 529, 596, 599. 

Baffle plate system, 95. 

Baillio, 530. 

Baker, 421. 

Baku oil, 424. 

Baku petroleum, 258. 

Ballantyne, 615, 623. 

Ballingall, .508. 

Balloons, inflation of with hydrogen, 
533. 

Bamberger, 520. 

Bancroft, 166. 

Barbe, 79. 

Barium chlorate, 273. 

Barium chloride, 250, 257. 

Barium chromate, 155. 

Barium hydrate, 458. 

Barium nitrate, 155. 

Barium oxide, 152. 

Barium sulphate, .526, 534. 

Barium sulphide, 535. 

Barium tungstate, 155. 

Barnes, 85. 

Barnitz, 107. 

Bartels, 9, 124, 128, 183, 211, 215, 220, 
226. 

Barth, 5.59. 

Barth system, 483. 

Barth vaporisation chamber, 483. 

Barton system, 515. 

Barus, 443. 

Baryta, 428. 

Base metals as catalyzers, 108, 1 18, 146, 
172, 199. 

Basic compounds as catalyzer formative 
material, 129. 

Basic nickel carbonate, 98, 224, 225. 
Basic oleate of copper, 196. 

Baskerville, 95, 140, 167, 637, 638, 641, 
667, 670, 671, 689. 

Bassano, 85. 

Batch methods, 643. 

Batch process, 693. 

Baudouin reaction, 242. 

Baudouin test, 309, 325. 

Bauer, 86. 
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Bauxite, 428. 

Becchi & Halphen reaction, 242, 

Becchi method, 205. 

Becchi test, 285, 309, 638. 

Bedford, 8, 12, 13, 19, 50, 51, 89, 108, 
109, 118, 120, 121, 122, 123, 128, 130, 
133, 138, 199, 203, 208, 209, 210, 211, 
220, 222, 224, 292, 400, 406, 465, 643, 
657, 697. 

Bedford’s apparatus, 51. 
Bedford-Erdmann Process, 126. 

Beef fat, 355. 

Beef tallow, 289, 309, 325, 365, 371. 
Beeswax, hydrogen from, 473. 

Behenic acid, 285, 298, 314, 315, 440. 
Beketoff, 276. 

Bell-collector type of generator, 556, 
Bellier’s reaction, 309. 

Bellucci, 138, 204. 

Belou, 500. 

Belting, 408. 

Bcnker, 556. 

Bennie, 519. 

Benzaldehyde, reducing effect of, 205. 
Benzene, 67, 160, 424, 426, 430, 431, 
438, 621. See also Benzol. 

Benzene from petroleum, 422, 
Benzildioxime, 296. 

Benzine, 419, 423. 

Benzine-xylene, 292. 

Benzoate, nickel, 186. 

Benzol, see also Benzene. 

Benzol, 419, 424, 434. 

Benzol, carbonyl in, 233. 

Benzol extraction of catalyzer, 214. 
Benzol for degreasing, 219. 

Benzol, hydrogenation of, 270. 

Benzol ring, 175. 

Benzyl acetate, 376. 

Benzyl oleate, 91. 

Bequevort, 517. 

Bergen, 249. 

Bergius, 79, 106, 256, 339, 431, 613, 619. 
Bergius high-pressure process, 527. 
Bergo, 371, 386. 

Berlin Mills Co., 644, 650. 
Berlin-Anhaltische Maschinenbau, A. G., 
474, 476, 500, 599. 

Berlin-Anhaltische Maschinenbau, A.G., 
Process of, 514. 


Bernegau, 357. 

Berthelot, 230, 231, 232. 

Beryllium, 455. 

Beryllium oxide, 162. 

Beta-naphthol, 220. 

Bettendorf plant, 570. 

Bianchi, 29^ 

Biazzo, 315, 316. 

Bichromate method, 313. 

Bilheimer, 280. 

Billwiller, 431. 

Bipolar electrode generator, 588. 

Bipolar electrodes, 541. 

Bipolar generator, 571. 

Birkeland, 36, 72, 419. 

Bismuth, 246, 248, 265. 

Bisulphide, carbon, 15, 160, 165, 318, 
443. 

Bitter almond oil, 377. 

Bitumen, hydrogen from, 473. 

Black, palladium, 5, 11. 

Blankenhorn, 107. 

Blankit, 388. 

Bleaching oils, 61. 

Blended hydrogenated oil, 344. 

Blue chamomile oil, 256. 

Blum, 107, 440. 

Boberg, 120, 142. 

Baking powder and hydrogenated fat, 
343. 

Bock, 49, 60, 520. 

Boehringer & Soehne, 5, 106, 210, 244. 
Boeseken, 101, 260, 280. 

Bog iron ore, 511. 

Bohm, 119, 125, 328, 329, 382. 

Bomer, 283, 288, 289, 291, 324, 325, 443. 
Bomer method, 308. 

Bond ethylene, 271. 

Bone fat, 364, 386. 

Bontoux, 339, 398, 534. 

Borate, 154, 178, 525. 

Borate, aluminum, 155. 

Borate, ammonia, 84. 

Borate, ammonium, 191. 

^Borate, calcium, 191. 

Borate, nickel, 179, 207, 

Boric acid, 154, 520. 

Boride, aluminum, 144. 

Boride, nickel, 186. 

Borneol, 106, 128. 
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Boron, 152. 

Boron as catalyzer, 143. 

Boron, calcium fluoride, 166. 

Boron hydride, 143. 

Bosch, 155, 190, 451, 454, 473, 698, 600. 
Bosch hydrogen producer, 509. 
Bosshard, 184, 314. ^ 

Bouant, 325. 

Boudet, 329. 

Boudouard, 450. 

Boudouin test, 285. 

Boyce, 210, 334, 335, 675. 

Boynton’s Device, 591. 

Boys, 424. 

Bragnier, 3. 

Brahmer, 441, 496. 

Bramkamp, 592. 

Brass, 432. 

Brauer, 355. 

Bread, 342, 356, 646. 

Bread, hydrogenated fats in, 341. 

Bread shortening, 342. 

Brebesol, 323. 

Brecht, 321. 

Bredig, 245, 279, 419. 

Bredig method, 33. 

Brcinen-Besigheimer, 7, 43, 105, 132, 
139, 185, 198, 323. 

Breteau, 137. 

Brief for Defendant, 649. 

Brief for Platintiff, 630. 

Brindley, 519. 

Brine, temperature of, 321. 

Brine, use of, 370. 

Briquettes for making hydrogen, 502. 
Briquettes, iron, 501. 

Briquettes of iron oxide, 499. 

British comptroller, 534. 

Brochet, 36, 85. 

Bromate, potassium, 274. 

Bromide, antimony, 164, 

Bromide silver, 273. 

Bromide test, 288. 

Bromides, 303. 

Bromides, insoluble, 314. 

Brominated fatty acids, 392. 
Bromination, heat of, 101. 

Bromination test, 303. 

Bromine, 113, 160, 164, 301, 443, 455. 
Bromine compounds, 285. 


Bromine reaction, 302. 

Bromine test, 288. 

Brooks, 403, 405, 423, 425, 481. 

Brown, 85, 434. 

Brownell, 602. 

Browning, property of, 332. 

Brownlee, 480. 

Brudenne, 85. 

Brunjes, 207. 

Brunner, 484. 

Brunner, Mond & Co., 611. 

Bruno, 517. 

Bruno Waser, 5. 

Bryant, 85. 

Bubbling process, 25. 

Buchanan, 458. 

Bucknam, 584. 

Buffa, 561. 

Buffing compound, 411. 

Bujanadse, 424. 

Bulletin of Imperial Institute, 108. 
Bull’s acid, 314. 

Bulteel, 20. 

Bunte, 476. 

Burchenal, 159, 344, 345, 631, 636, 648, 
650, 651, 662, 671, 677, 679. 

Burchenal interference, 684, 685. 
Burchenal product, 696. 

Burdett system, 562. 

Bureau of Animal Industry, 326. 

Bureau of Animal Industry method, 308. 
Bureau of Mines, 601. 

Burnt clay, 69. 

Burroughs, 418. 

Butter, 660. 

Butter, artificial, 329. 

Butter color, 332. 

Butter fat hydrogenated, 337. 

Butter, hydrogenated oil in, 297. 
Butter-like product, 648, 696. 

Butter-like substance, 640. 

Butter, property of browning when 
heated, 332. 

Butter, renovated, 329. 

Butter substitute, 107, 346, 354, 684. 
Butter, test for hardened oil in, 297. 
Buttlar, 32. 

Butyrates, 48. 

Butyric acid, 337, 280. 

Butyrin, 337. 
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Butyrodiolein, 337. 

Butyro-palmito olein, 337. 

Butyl oleate, 90. 

By-product fats, 348. 

By-product hydrogen, 440. 

By-product hydrogen, purification of, 
600. 

Byrne, 603. 

Byrom, 177. 

Cabaret, 86. 

Cacao butter, 310. 

Cadmium, 246, 265. 

Caking of iron, 401. 

Calamary oil, 392. 

Calcination, nickel oxide obtained by, 
115. 

Calcium, 150. 

Calcium alumina te, 152. 

Calcium borate, 191. 

Calcium-boron fluoride, 156. 

Calcium carbide, 467, 597. 

Calcium carbonate and palladium, 316. 
Calcium formate, 446. 

Calcium hydride, 520, 533, 595. 

Calcium manganite, 21. 

Calcium nitrate, 155, 190, 452. 

Calcium oxide, 152. 

Calcium phosphate, 190. 

Calcium sili cofluoride, 156. 

Calcium sulphate, 151. 

Calcium vanadate, 155. 

California commission, 602 
California petroleum, 418. 

Calvert, 69, 70, 71, 72. 

Calvert’s high pressure apparatus, 69. 
Calvert system, 44. 

Cambaedres, 85. 

Camphene, 245. 

Camphor, 128. 

Canadian Department of Mines, 241. 
Canadian nickel copper matte, 236. 
Cancellit, 363. 

Candelite, 283, 284, 287, 311, 361, 362, 
363, 368, 373, 375, 386, 394. 

Candelite in toilet soaps, 365. 

Candies, 335. 

Candles, 83, 381, 40d 
Candle fish oil, 411. 

Candle industry, 373, 398. 


Candle material, fatty acids for, 378. 
Candles, nickel in, 381. 

Candle, stearine, 378. 

Candolit, 363. 

Capacity of hardened fats for holding 
water, 355. 

Caproic aciflk, 337. 

Caproin, 337. 

Capryl bodies, 332. 

Carbide, calcium, 467, 597. 

Carbide, iron, 502. 

Carbide, nickel, 120, 138, 186, 222. 
Carbides, 220. 

Carbohydrates, 121, 411. 

Carbohydrates and hydrogenated oil, 
343. 

Carbon, 149, 151, 173, 259, 438. 

Carbon, active, 21. 

Carbon, amorphous, 274. 

Carbon as catalyzer, 438. 

Carbon bisulphide, 15, 160, 165, 166, 443, 
597, 598. 

Carbon black and hydrogen by decom- 
position of hydrocarbons, 481. 

Carbon catalyzer, 150. 

Carbon charged with hydrogen, 272. 
Carbon, cocoanut, 273. 

Carbon, colloidal, 420. 

Carbon compounds, treatment with 
hydrogen, 173. 

Carbon, crystalline, 274. 

Carbon deposits, removal of, 436. 

Carbon dioxide, 137, 169, 194, 231, 274, 
316, 443, 448. 

Carbon dioxide and iron, 517. 

Carbon dioxide, boiling point, 461. 
Carbon dioxide, removal of, 465, 468, 599. 
Carbon disulphide. 318. 

Carbon, effect on fats, 186. 

Carbon, formation in hydrogen genera- 
tor, 492. 

Carbon, in making hydrogen, 527. 
Carbon monoxide, 20, 42, HO, 112, 166, 
169, 194, 210, 231, 233, 237, 240, 241, 

. 250, 274, 423, 437, 442, 443, 470, 595. 
Carbon monoxide, action on nickel, 229 
Carbon monoxide and calcium hydrate, 
reaction between, 469. 

Carbon monoxide and hydrogen on iron 
oxides, action of, 502. 
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Carbon monoxide and steam over 
catalytic material, 451. 

Carbon monoxide and water vapor, 107. 

Carbon monoxide, boiling point, 461. 

Carbon monoxide, conversion into 
methane, 454. 

Carbon monoxide, dry, 217.i 

Carbon monoxide equilibrium, 450. 

Carbon monoxide, generation of, 521. 

Carbon monoxide in hydrogen, 492. 

Carbon monoxide in hydrogen, presence 
of, 40. 

Carbon monoxide lime and steam. 444 

Carbon monoxide, liquefaction, 460. 

Carbon monoxide, removal of, 467, 468, 
476, 480, 597, 599, 600. 

Carbon monoxide, removal by solvents, 
460. 

Carbon monoxide, removal from hydro- 
gen, 596. 

Carbon monoxide, replacement by hy- 
drogen, 444. 

Carbon monoxide, steam and alkali, 
hydrogen from, 458. 

Carbon, nascent, 150. 

Carbon, oxides of, 153, 611. 

Carbon oxychloride, 230. 

Carbon, tetrachloride, 67. 

Carbonate, copper, 56. 

Carbonate, nickel, 41, 52, 54, 56, 58, 120, 
128, 138, 142, 147, 154, 159, 185, 
177, 186, 187, 190, 193, 197, 200, 202, 
219, 224, 225. 233, 316, 437, 613, 617. 

Carbonate of nickel, basic, 98. 

Carbonate, regeneration of, 446. 

Carbonates, 153. 

* Carbonic acid, 251, 448. 

Carbonic oxide, 230, 232, 234, 237. 

Carbonic oxide gas, 521. 

Carboniura, 595. 

Carboniurn Co., 472. 

Carbonizing of catalyzers, 113 

Carbonyl apparatus, 234. 

Carbonyl, nickel, 20, 41, 43, 63, 119, 135, 
141, 177, 198, 204, 207, 210, 229, 232, » 
233, 239, 443, 456, 480. 

Carbonyl, poisonous vapor, 233. 

Carbonyl reaction^ 204, 214, 217, 227. 

Carbpnyl, reviving sluggish nickel, 232. 

Carbonyl test, 184. 


Carborundum, 173, 411. 

Carboxyl group, 325. 

Caro, 40, 443, 462, 501. 

Carpenter, 597. 

Carrier of copper, 243. 

Carriers, 117, 151. 

Carriers, effect of various, 248. 

Carriers for catalytic metal, 178. 
Carriers, hydrogen, 275. 

Carughi, 6. 

Carulla, 515. 

Casein, 332. 

Cast iron, 267. 

Castor oil, 29, 39, 88, 188, 242, 244, 248, 
250, 259, 275, 283, 297, 309, 313, 337, 
348, 359, 375, 381, 389, 394, 398, 109, 
659. 

Castor oil, hydrogenated, 284. 

Catalysis, capriciousness of, 619. 
Catalysis effect of hydrides, 275. 
Catalysis, nickel, 270. 

Catalyst from lixiviated alkali ferrite, 
459. 

Catalyst, metal, 356. 

Catalyst, osmium, 259. 

Catalysts, production at low tempera- 
ture, 146. 

Catalytic action of nickel oxides, 211. 
Catalytic action, use of formic acid, 194. 
Catalytic activity, 121. 

Catalytic activity of iron and nickel, 
137. 

Catalytic agent, 344. 

Catalytic decomposition of carbon mon- 
oide with nickel, 453. 

Catalytic dehydrogenation by palla- 
dium, 257. 

Catalytic efficiency, development of, 132. 
Catalytic material, exposure to a partial 
vacuum, 158. 

Catalytic material, life of, 113. 

Catalytic material prepared from nickel 
salts, 140. 

Catalytic metal in oil, 319. 

Catalytic nickel, nickel carbonyl as a 
source of, 229. 

Catalytic nickel, peculiarities of, 114. 
Catalytic palladium, cost of, 63. 

Catalytic palladium, powerful, 315. 
Catalytic plates, 432. 
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Catalytic process, development by 
Kayser, 212. 

Catalytically active, nickel black, 210. 
Catalyzer, activation by oxygen, 260 
Catalyzer, analysis of used, 227. 
Catalyzer, amount of, 99. 

Catalyzer arc process, 142. 

Catalyzer balls, 160 

Catalyzer, benzol insoluble bodies, 227. 
Catalyzer, by electric arc, 142. 

Catalyzer by electrolysis, 175. 

Catalyzer, carbon, 150, 259, 438. 
Catalyzer, carbon in, 133, 149. 

Catalyzer, cerium oxide, 21. 

Catalyzer, cobalt copper, 146. 

Catalyzer, cobalt oxide, 199. 

Catalyzer, colloidal soak'd in oil, 160. 
Catalyzer, coloration by, 213. 

Catalyzer, comparison of activity, 187. 
Catalyzer, composite, 147. 

Catalyzer containing cobalt, preparation 
of, 452. 

Catalyzer, continuous process of making, 
144. 

Catalyzer cubes, 160. 

Catalyzer, dehydrogenating, 270. 
Catalyzer, detoxication, 162. 

Catalyzer diaphragm, 639. 

Catalyzer, effect of a carrier, 187. 
Catalyzer, effect of air, 110. 

Catalyzer, effect of alumina, 168. 
Catalyzer, eff(;ct of fine division, 168. 
Catalyzer, effect of fluorides, 156. 
Catalyzer, effect of liquid on, 13. 
Catalyzer, effect of oxygen on, 264. 
Catalyzer, effect of phosphates, 190. 
Catalyzer, effect of water, 221, 226. 
Catalyzer, electrical comminution, 217. 
Catalyzer, electrical conductivity, 182. 
Catalyzer, electrical disintegration, 142. 
Catalyzer, electrically disintegrated, 174. 
Catalyzer, electrolytic, 257. 

Catalyzer, extraction of fat, 214. 
Catalyzer, filtration of, 189. 

Catalyzer, finely divided, 624. 

Catalyzer, finely divided nickel, 212. 
Catalyzer, fineness of, 624. 

Catalyzer, flaky nickel, 140. 

Catalyzer, flaky, recovery of, 141. 
Catalyzer, flocculated, 215. 


Catalyzer, fluffy, 263. 

Catalyzer for cracking oil, 420. 
Catalyzer for cracking petroleum oils,, 
426. 

Catalyzer for fatty acids, 263. 

Catalyzer for hydrocarbons, 151. 
Catalyzer fo» making hydrogen, 451, 
457, 476, 480. 

Catalyzer for oxidation of ammonia, 
2.56. 

Catalyzer for propylene, 260. 

Catalyzer, formates, 191. 

Catalyzer, formates for, 190. 

Catalyzer, free nickel necessary, 211. 
Catalyzer from nickel carbonate, 159, 

187. 

Catalyzer from nickel hydrate, 172. 
Catalyzer gauze, electrically heated, 449. 
Catalyzer, ignition, 167, 264. 

Catalyzer, impurities in oil, 311. 
Catalyzer, in Bergius process, 529. 
Catalyzer, inclined reducing tube, 157, 
Catalyzer in oil, 43. 

Catalyzer, iron-copper, 146. 

Catalyzer, iron oxide, 199. 

Catalyzer, Kast, 129. 

Catalyzer, Kayser Kieselguhr, 131. 
Catalyzer, Lane process, 171. 

Catalyzer, lead oxide, 21. 

Catalyzer, magnetic, 169, 227. 

Catalyzer, making, 610. 

Catalyzer, manganese oxide, 21. 
Catalyzer, metallic condition of, 130. 
Catalyzer, metallo-organic compounds, 

188, 

Catalyzer, metallo-organic salts, 130. 
Catalyzer, methods of preparation, 165. 
Catalyzer, nickel, 98, 118, 284, 324, 325, 
357, 361. 

Catalyzer, nickel alumina, 171, 176, 192. 
.Catalyzer, nickel and carbon, 186. 
Catalyzer, nickel and glass, 176. 
Catalyzer, nickel and nickel carbonate, 
225. 

Catalyzer, nickel borate, 179. 

Catalyzer, nickel borate and silicate, 185. 
Catalyzer, nickel carbonate, 190, 225. 
Catalyzer, nickel carbonyl, 177, 207, 229, 
456. 

Catalyzer, nickel-charcoal, 149. 
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Chloric acid, 273. 

Chloride, barium, 250, 257. 

Chloride, cupric, 230. 

Chloride, cuprous, 231. 

Chloride, ferric, 273. 

Chloride, mercuric, 247. 

Chloride, mercury, 144. v 
Chloride, nickel, 131, 166, 328. 

Chloride of zinc process, 3. 

Chloride, palladium, 55, 63, 78, 100, 140, 
242, 246, 256, 270. 

Chloride, j)alladious, 253, 255. 

Chloride, platinum, 147, 242, 260, 264. 
Chloride, silver, 273. 

Chloride, sodium, 164, 166. 

Chloride, sulphur, 164. 

Chloride, tin, 164. 

Chloride, zinc, 164. 

Chlorides, 162. 

Chlorides of platinum and palladium, 
249. 

Chlorides of the platinum metals, 243. 
Chlorine, 109, 112, 113, 118, 153, 160, 
166, 198, 208, 440, 443, 451, 4.53, 455, 
596, 610, 615. 

Chlorine as a substitute for iodine, 

2 . 

Chlorine determination, 316. 
Chloroform, 15, 67, 443. 

Chlorohydroxy, fatty acids, 84. 
Chloroplatinate, potassium, 243. 
Chlorplatinic acid, 248. 

Chlorplatinic acid, reduction of, 247. 
Chlor-stearic acid, 2. 

Chocolate, 335. 

Chocolate creams, 346. 

Cholesterol, 283, 284, 289, 291, 294, 310, 
311. 

Chromate, barium, 155. 

Chromates, 178. 

Chromium, 151, 276, 422, 426, 428, 455, 
499. 

Chromium hydrate, 262. 

Chromium nitrate, 155, 453, 455. 
Chromium oxide, 152, 501. t 

Chrysalis oil, 311, 361, 402. 

Chrysalis oil refining, 311. 

Churchill & Co., 589. 

Cinnamic acid, 86, 187, 222, 260. 
Cinnamic acid, methyl ester, 86. 


Cinnamic acid, sodium salt, 86. 
Cinnamylcocaine, 210. 

Circulation of hydrogen, 26. 

Citraconic acid, 280. 

Citrates, 48. 

Citrates in electrolyte, 562. 

Clark, 481. 

Classen, 257. 

Classification of catalyzers, 117. 

Claude, 466. 

Claude apparatus, 468. 

Claude Co., 467. 

Clausmann, 502. 

Claver, .501. 

Clay, 133, 154, 168, 173, 187, 192, 197, 
2.52, 2.54, 423, 429, 433, 501. 

Clay, porous, 131, 

Clay, i)orous burnt, 69. 

Clayton, 355. 

Cleiivage, 379, 394, 398. 

Cleavage reagent, 29. 

Clupanodonic acid, 88, 287, 360, 390; 
392, 440. 

Clupanodonin, 396. 

Coal gas, 240. 

Coal, method of hydrogenating, 431. 
Coal, treatment of, 437. 

Coal used as a carrier, 254. 

Coast, 436. 

Cobalt, 24, .54, 69, 95, 96, 110, 112, 136, 
151, 1.52, 158, 175, 187, 190, 198, 230, 
235, 248, 270, 275, 276, 404, 422, 423, 
426, 427, 428, 430, 433, 438, 451, 455, 
502, 531, 605, 609, 611, 613, 618, 621, 
628. 

Cobalt anode, 577. 

Cobalt catalyzer, 452. 

Cobalt chloride, 149. 

Cobalt-copper, 136. 

Cobalt, fatty acid salts, 193. 

Cobalt, flaky, 141. 

Cobalt formate, 191. 

Cobalt gauze, 449. 

Cobalt hydrate, 146. 

Cobalt hydride, 275. 

Cobalt hydroxide, 88. 

Cobalt in making hydrogen, 448. 
Cobalt-nickel catalyzer, 128. 

Cobalt nitrate, 146, 452. 

Cobalt, organic salts of, 47, 130. 
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Cobalt oxide, 88, 112, 146, 199, 262, 402, 
452. 

Cobalt, reduced, 267. 

Cobalt soap, 195. 

Cobalt-steel, 136. 

Cobalt solutions, reduction of, 170. 

Cocoa butter, 335. 

Cocoa butter substitutes, 337. 

Cocoanut carbon, 273. 

Cocoanut charcoal, gas-free, 274. 
Cocoanut oil, 88, 282, 290, 309, 319, 331, 
333, 335, 355, 359, 364, 365, 366, 368, 
369, 370, 373, 375, 388, 393, 398, 409, 
439, 692. 

Cocoanut oil soap, recipe for, 368. 
Cocoanut oil soaps, 367. 

Cocatalysts, 262. 

Codex alirnentarius Austriacus, 294. 

Cod liver oil, 212, 275, 310, 348, 637. 
Cod oil, 162, 391. 

Coefficient of reduction, 126. 

Coefficients of digestibility, 692. 
Co-extended rnetal, 136. 

Coke, 75, 259, 423. 

Coke and palladium catalyzer, 62. 

Coke, hydrogen from, 447. 

Coke oven gas, 442. 

Cold process shaving soap, 368. 

Cold process soaps, 369. 

Cold process soaps, talgol in, 366. 
Coleman, 241. 

Colletas, 03, 256. 

Collins, 550. 

Colloid, nitrogenous, 171. 

Colloid protective, 244, 255, 257. 
Coliodial carbon, 420. 

Colloidal ca:alyz(T, disadvantage of, 309. 
Coliodial catalyzer, sealed in oil, 160. 
Coliodial hydroxides of osmium and 
ruthenium, 258. 

Colloidal nickel, 122, 189, 194, 207, 217, 
417, 437. 

Colloidal nickel catalyzers, 160, 198. 
Colloidal nickel oxide, 218, 222. 

(>>lloidal nickel suboxide, 120. 

Colloidal osmium, 261. 

Colloidal palladious oleate, 253. 
Colloidal palladium, 242, 250, 255, 270, 
390, 404, 659. 

Colloidal palladium catalyzer, 306. 


Colloidal palladium hydroxide solution, 
253. 

Colloidal platinum, 33, 245, 259, 600. 
Colloidal rare metals, 600. 

Colloidal solutiohs, 208. 

Colloidal suboxides, 209. 

Colloidal suapensions of the metals, 247, 
Colloids of platinum group, 252. 
Colophony, 297, 403. 

Color of fatty acids, 378, 380. 

Color of gasolene, 422. 

Color of product, 319. 

Color of product, improvement of, 331. 
Color of soaps, 381. 

Color reactions, 293. 

Color stability, 336. 

Color stabiliz(;r, 336. 

Color test for oils, 301. 

Color test, Tortelli & Jaffe, 301. 

Color tests of oil, effect of hydrogenation 
on, 285, 295. 

Coloration by catalyzer, 213. 

Colorimetric comparison with a nickel 
solution, 327. 

Colorimetrical determination of nickel, 
296. 

Colza oil, see Rape Oil. 

Commercial development of Wilde proc- 
ess, 2. 

Commercial side of fat hardening, 361. 
Comminuted hardened oil, 646. 
Comminuted hardened oil with wheat 
flour, 340. 

Comminution, electrical, 174. 
Comparison of conditions before war, 
352. 

Composite catalyzers, 147. 

Compound, change in color on standing,, 
335. 

Compound cooler, 322. 

Comjwund lard, 96, 701. 

Compressed Gas Mf’rs Ass’n, 603, 
Compression of acetylene, 473. 
Compressor for hydrogen, 593. 
^Condensation products, 232. 
Condensation products from unsaturated 
hydrocarbons, 421. 

Condensers, telephone, 409. 

Conditions before war, comparison of, 
352. 
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Conductivity apparatus, 216, 

Conductivity, electrical, 124, 182, 200, 
210, 211, 216. 

Conductivity of nickel oxide, 208. 

Conductivity of reduced nickel com- 
pounds, 202. 

Conductivity of reduced Ackel oxide, 

201 . 

Confectionery, 346. 

Confectionery compounds, containing 
hydrogenated oil, 335. 

Connstein, 29, 256. 

Conroy, 108. 

Conservatoire National des Art et 
Mdtier, 567. 

Consortium fur Elektro-chem. Ind. ges. 
m. b. H., 523. 

Constant circulation and contact of the 
hydrogen gas, 25. 

Constants in the electrolysis of wafer, 
536. 

Constants of hydrogenated oil, 281. 

Contact material for making hydrogen, 
502. 

Content of free-fatty acid, increase of, 
140. 

Content of nickel in foods! jffs, 327. 

Continental Caoutchouc and Gutta 
Percha Co., 425. 

Continuous methods, 043, 

Continuous process of making catalyzer, 
144. 

Control, Burdett automatic, 503. 

Control of electrolyzers, automatic, 585. 

Conversion of hydrocarbons and steam 
into hydrogen, 479. 

Conversion of mineral oils into oils of 
lower specific gravity, 21. 

Conversion of oleic acid into palmitic 
and acetic acids, 3. 

Converter, 415. 

Converting oleic acid into stearic acid, 
problem of, 1. 

Cooking fats, 338, 357. 

Cooking oils, 354. ‘ 

Cooking, shortening for, 345. 

Copal, 96. 

Copper, 39, 54, 96, 109, 112, 152, 161, 
168, 173, 490, 194, 198, 208, 230, 236, 

■ 246, 260, 265, 270, 271, 275, 294, 379, 


404, 422, 423, 427, 429, 130, 432, 437, 
502, 504, 513, 529, 605, (iOO, 611, 614, 
618, 621, 628. 

Copper and nickel catalyzer, 56. 

Copper and nickel hydrates, 55. 

Copper as a carrier, 243. 

Copper, atomic, 148. 

Copper, basic oleate, 196. 

Copper carbonate, 56, 194. 

Copper catalyst activators, 196. 

Copper catalyzer, 52. 

Copper chlorate, 273. 

Copper chloride, 149, 467. 

Copper chloride purifying agent, 699, 
600. 

Copper-coated nickel, 167. 

Copper, fatty acid salts, 194. 

Copper formate, 191, 194. 

Copper, gases in, 278. 

Copper hydrate, 146, 1()2, 186, 264. 
(k)ppcr hydrate treatment of oils, 162. 
Copper hydride, 196. 

Copper-iron (louple, 459. 

Copi)er-nickel catalyzer, 128. 

Copper nitrate, 55, 56, IK), 161), 194, 
434, 456. 

Copi)er nitrate, temperature f)f decom- 
position, 170. 

Cop[)er on jjsbestos, 84. 

Copper, organic salts of, 47. 

Copper oxalate, 194. 

Copper oxide, 116, 130, 135, 146, 168, 
402, 425, 448, 455, 501. 

Copper plati nochloride, 243. 
Copper-platinum, 260. 

Copper, reduced, 267. 

Copper soap, 129, 195. 

Copper sulphate, 273. 

Copper sulphide, 434. 

Copper wire, 57, 267. 

Copra oil, 354. 

Copra oil, replacement of, 361. 

Cordcs, 409. 

Corn husks, 208. 

Corn oil, 87, 96, 282, 334, 335, 343, 396, 
408, 410, 439. 

Corn oil as substitute for olive oil, 4101 
Corn oil, expansion of, 411. 

Corn oil, substitute for lard, 350. 

Corn oil, substitute for olive, 350. 
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Oorona, 418. 

Correlli, 138, 204. 

Coryphol, 287, 363, 399. 

Cost of catalytic palladium, 08. 

Cost of electrolytic plant, 538. 

Cost of fish oils, 353. 

Cost of hardening, 352. 

Cost of oleo-stearine, 319. 

Cotton oil, 20, 39, 48, 52, 55, 50, 68, 
89,90, 98, 104, 123, 128, 130, 134, 137, 
138, 140, 143, 148, 149, 155, 161, 164, 
175, 177, 179, 181, 185, 194, 200, 201, • 
205, 213, 215, 216, 217, 223, 238, 242, 
248, 255, 263, 281, 282, 283, 285, 289, 
290, 291, 301, 304, 305, 306, 308, 319, 
323, 325, 328, 331, 334, 335, 338, 339, 
341, 343, 344, 345, 346, 347, 348, 349, 
352, 354, 357, 368, 383, 396, 399, 407, 
409, 410, 609, 610, 637, 639, 645, 655, 
660, 671, 675, 692, 697, 701, 703. 

Cot^ .»n oil as shortening material, 647. 

C otl m oil, composition of, 694, 

(/otton oil fatty acids, 298. 

Cotton oil, free of aldehydes, 218. 

Cotton oil, hardening of, 225. 

Cotton oil in margarine industry, 361. 

Cottcvi oil purified by steam, 21 1. 

C otton oil, self-thickened, 319. 

Cotton st(‘arine, 96. 

Cowper-Coles Chnierator, 558. 

Cox, 407. 

Cracking of gas oils in various atmo- 
spheres, 435. 

Cracking of petroleum, 420. 

Cracking oils, 1.50. 

Cracking petroleum, 1.54. 

Cracking process of Wells, 430. 

Cracking tars and oils, 438. 

Cracking Texas solar oil, 425. 

Cracking under pressure, 419. 

Craine, 157, 159. 

Cripps, 611, 620. 

Crisco, 16, 294, 350, 653, 690, 707. 

Crisco, advantages of, 635, 636. 

Crisco and Kream-Krisp, G30. 

Crisco, sales of, 635. 

Criticism of hardened oil, 371. 

Croconic acid, salts of, 231. 

Crocus, 411. 

Crocus martis, 452. 


Crosfield, 7, 38, 131. 

CrosReld & Sons, 155, 134, 212, 406, 605, 

m, m., m, m. 

Cross, 437. 

Crossley, 155, 163, 240, 300, 534. 

Croton oil, 297, 637, 658, 060, 661. 
Crotonic acjd, 280. 

Cruciferous oil, 316. 

Crutolein, 368. 

Crutolin, 362, 374, 383. 

Crystalline carbon, 274. 

Crystallization of stearine, 354. 
Cucumber seed, oil from, 357. 

Cumarin as flavoring material, 332. 
Cuprene, 611. 

Cupric chloride, 230. 

Cuprous chloride, 148, 231, 460, 467, 4t’8, 
480. 

Cuprous chloride purifying agent, 599, 
600. 

Cuprous chloride solution, 235. 

Currne method for separation of ga f’s, 
531. 

Curran, 517. 

Curve showing solubility of hydrogen in 
metals, 266. 

Curves, absorption, 308. 

Curves of hydrogenation, 101, 226. 
Custis, 62. 

Cyanide, nickel potassium, 124, 208. 
Cyanide, potassium, 165, 273, 525. 
Cyanogen, 596. 

Cyclic hydrogenation process, 22. 

Cyclic process for producing hydrogen, 
530. 

Cyclobiitane, 258. 

Cyclohexane, 160, 257. 

Cyclohexanol, 13, 86, 153. 
Cyclohexanone, 86. 

Cylinders, finely-divided iron in, 592. 
Cylinders for hydrogen, 592. 

■ Cylinders, hydrogen, 440, 533. 
Cylinders, oil in gas, 592. 

D’Arsonval, 537. 

•Dab oil, 392. 

Dalla, 402. 

Damar, 96, 

Dampierre, 436. 

Danger of explosion, 169. 



jjansettc, 

Banckwardt, 423. 

Dark soaps, 372. 

Daughters, 357. 

David, 60. 

Davidsohn, 287, 302, 398. 

Davidson, 435, 438. ^ 

Davis-Bourrionville Co,, electrolyzer, 
582. 

Davy wire gauze, 590. 

Day, 10, 20, 433. 

Day’s process for petroleum oils, 10. 
de Bassano, 85. 

Debus, 606. 

Decision of Judge Hand, 700. 

Decision of Judge Hand, comments on, 
707. 

Decomposition of carbonyl, 237. 
Decomposition of fats, oils and waxes, 29. 
Decomposition of nickel carbonyl, 236. 
De ’Conno, 84. 

Decrolin, 371. 

Degree of reduction, determination of, 
28. 

Deguide, 517. 

De Hemptinnc, 3, 30. 

De Hemptinnc’ 8 process, 83. 
Dehydrogenating catalyzers, 271. 
Dehydrogenation, 152, 257', 268. 
Dehydrogenation of oils, 256. 
Dehydrogenation with copper, 271. 
de Jahn, 68. 
de Kadt, 37, 40, 129. 

De la Fresnayc, 530. 

Dellwik-Fleischcr System, 486. 

Delmard, 541. 
de Montlaur, 251, 256. 

Dempster System, 507. 

De Nordske Fabrik, 353. 

De Nordiske Fabriker, 360. 

De Nordiske Fabriker De-No-Fa Aktie- 
selskap, 129. 

Deodorization, 26, 351. 

Deodorization, steam-vacuum, 319. 
Deodorized 6sh oils, 360. 

Deodorized low-grade fats, use of, 328. 
Deodorizing and decolorizing chrysalis 
oil, 402. 

Deodorizing cdcoanut oil, 88. 

Deodorizing oils, 88, 


Deodorizing with hydroge n, 87. 

Dc Paoli, 79. 

Department of Commerce, 360. 
Deposited nickel, 57. 

Deposition of carbon in making hydro* 
gen, 510. 

Desulphurizing petroleum, 11. 

Detection of traces of nick(‘l, 294. 
Detection of nickel, 89. 

Detection of small quantities of nickel 
296. 

•Determination of nickel in fats, 328. 
Detonation of nickel carbonyl, 281. 
Detoxication, 162. 

Deveaux, 333. 

Devik, 36, 72. 

Dewar, 54, 56, 146, 233, 237, 270, 613. 
Dewar & Liebmann process, 54. 
de Wilde, 2, 247, 274, 608, 612. 

Dextrine, 122, 200, 257, 428, 452. 
Dialyzed palladious hydroxide, 247. 
Diaphragm, asbestos, 537, 559, 560, 563, 
565, 570, 578, 581, 584, 589, 591. 
Diaphragm, electrolyzer without, 555. 
Diaphragm, metallic, 561. 

Diaphragm, woolen, 537. 

Dibdin, 21. 

Dicke, 509. 

Diedrichs, 309. 

Dicffcnbach, 447, 449, 499. 

Diels, 310. 

Diffusion of gas, 443. 

Diffusion process, 467, 531. 

Digestibility, coefficients of, 692. 
Digitonin method, 283, 308, 310. 
Diglyceride, 348. 

Dihydrocholesterol, 283. 
Di-hydrophenanthrene, 267. 
Dihydrophorene, 270. 

Dihydroquinihe, 210. 

Dimethylglyoximc, 294, 304, 305, 309, 
328. 

Dimethylglyoxime test, 288. 
Dimethylglyoxime test, for nickel, 295, 
296. 

Di Nola, 294. 

Dioleopalmitin, 323. 

Dioleostearine, 323. 

Dioxide, carbon, 231, 274. 

Dioxide, hydrogen, 33. 
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Dioxide, osmium, 249. 

Diphenylaraine, 222. 

Diphenyl diacetylene, 187. 

Disulphid(‘, carbon, 15. 

Discharfio, electrical, 74, 435. 
Disintegration, electrical, 174. 
Distearopalmitin, 323. 

Distillation of fatty acids, 380. 
Disulphide, carbon, 443. 

Dobereiner, 251. 

Doering, 159. 

Dog, feeding experiments with, 339. ^ 

Dogfi.sh oil, 163, 411. . 

Dohmen, 575, 

Dolomite lime, 457. 

Doratol, 363. 

Dough, viscosity of, 342. 

Downing, 435. 

Dreymann, 92. 

Drummond, 355. 

Dry hydrogen, 127. 

Drying agents, 140. 

Drying oils, 380. 

Dubbs, 11. 

Dubovitz, 80, 291, 380, 398. 

Du Motay, 444. 

Dure\ 363. 

')uret,tol, 363. 

Durolit, 363. 

Durotal, 363. 

Du^^tol, 295, 399. 

Durotin, 363. 

Duru, 363. 

Durutol, 363. 

Earth, infusorial, 58, 98. 

Earthenware, porous, 531. 

Earthenware tubes, 500. 

Earthenware, unglazed, 450. 

Eastwick, 516. 

Edgar, 268. 

Edibility of hardened oil, 347. 

Edibility of hydrogenated oils, 323, 326. 
Edibility of whale oil, 337. 

Edible fats, 149, 649. 

Edible fats, first information on, 352. 
Edible fats, fish oil in, 302. 

Edible fats in manufacture of margarine, 
331. 

Edible fats, pressing, 334. 


Edible hydrogenated fats, 630. 

Edible hydrogenated oils, 319, 338. 

. Edihle oil composition, 331. 

Edible oil, hardening of, 71, 72. 

Edible product free from catalytic 
metal, 348. 

EdMe products obtained by hydrogena- 
tion, 338# 

Edison, 141, 171. 

Effect of agitation, 26, 82, 99, 102. 

Effect of hydrogen without a catalyzer, 
87. 

Effect of liquid on nickel catalyzer, 13. 
Effectiveness of palladium catalyzer, 242; 
Effect of pressure, 85, 97, 101. 

Effect of temperature, 92, 97, 101. 

Efrem, 252. 

Egg yolk, 332. 

Egloff, 418. 

Egyptian cottonseed oil, hydrogenation 
of, 137. 

Egyptian cottonseed oil, use of, 353. 
Elaeomargaric acid, 401. 

Elaidic acid, 297. 

Elaidin, 85. 

Eldred, 135, 448. 

Electric arc decomposition of water, 658. 
Electric conductivity, 119. 

Electric discharge, 44, 74. 

Electric discharge process, 4. 

Electric discharge, silent, 33. 

Electric furnace, 271. 

Electric resistance, 216. 

Electrical comminution, 217. 

Electrical comminution of nickel, 142, 
174. 

Electrical conductivity, 124, 182, 208, 
210, 216. 

Electrical conductivity, determination 
of, 200. 

Electrical conductivity, lack of, 211. 
Electrical discharge, 435. 

Electrical discharge, effect of, 30. 
Electrical discharge, silent, 73. 

Electrical disintegration, 142. 

• Electrical disintegration method, 246. 
Electrical disintegration of metal, 174. 
Electrical energy, generation of, 516. 
Electrical process of De Hemptinne, 83. 
Electrical testing laboratories, 568. 
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Electrical treatment of oils, 61. 
Electrically-charged particles from plati- 
num, 269. 

Electrically heated catalyzer gauze, 449. 
Electrically heated purifier of Knowles, 
600. 

Electricity, use of, 3. 

Electrode, bipolar, 588. *' 

Electrode, cobalt, 577. 

Electrode, corrugated, 572. 

Electrode, nickel, 539, 560, 571, 672, 583. 
Electrode, nickel and platinum, 280. 
Electrode, platinum, 562. 

Electrode of wire, 581. 

Electrodes, bipolar, 541. 

Electrodes, lead, 544. 

Electrodes, nickel, 5. 

Electrodes, platinum, 5. 

Electrodes preventing gas diffusion, 681. 
Elcctrolabs, 578. 

Electrolysis, catalyzer by, 175. 
Electrolysis of brine, production of 
hydrogen in, 440. 

Electrolysis of water, 536. 

Electrolysis to make hydrogen, 440. 
Electrolyte, acid, 558, 562. 

Electrolyte, addition of soaps and ferric 
oxide, 552. 

Electrolyte, caustic soda, 547, 552, 669, 
561, 571. 

Electrolyte, caustic potash, 559. 
Electrolyte, mineral oil film on, 561. 
Electrolyte, potassium carbonate, 641, 
550. 

Electrolyte, potassium tartrate, 562. 
Electrolyte, sodium tartrate, 562. 
Electrolyte, sulphuric acid, 544. 
Electrolyte, use of citrates, 562. 
Electrolytic addition of hydrogen, 3. 
Electrolytic deposit of nickel, 57. 
Electrolytic generation of hydrogen, 617. 
Electrolytic nickel, 57. 

Electrolytic Oxygen and Hydrogen Asso- 
ciation, 603. 

Electrolytic oxy-hydrogen laboratories, 
578. ^ 

Electrolytic plant, cost of, 538. 
Electrolytic plant, equipment, 537. 
Electrolytic platipum, 267. 

Electrolytic reduction, 88, 276, 279. 


Electrolytic reduction of unsaturated 
acids, 279. 

Electrolytic system, safety of, 595. 

Electrolytically-derived gases, handling 
of, 590. 

Electrolyzer of Aigner, 658. 

Electrolyzer, amalgmated, 558. 

Electrolyzer, bipolar, 571, 588. 

Electrolyzer, filter press type, 541, 559, 
560, 570, 571, 575. 

Electrolyzer, lanterns, 567. 

, Electrolyzer operating cost, 569. 

Electrolyzer, sectional type, 575, 577. 

Electrolyzer of welded sheet iron, 554. 

Electrolyzer without diaphragm, 555. 

Elektrizitiits-A.-G.-Vorm. Schuckert & 
Co., 552. 

Elektro Chemische Werke, 112. 

Elgstrom, 337. 

Ellenberger, 446. 

Ellis, 1, 22, 23, 25, 26, 32, 34, 43, 53, 63, 
76, 90, 93, 96, 106, 136, 137, 141, 142, 
144, 145, 146, 147, 140, 150, 160, 161, 
164, 168, 169, 174, 175, 177, 179, 185, 
186, 189, 197, 198, 209, 237, 238, 239, 
259, 281, 282, 283, 306, 331, 332, 333, 
335, 336, 340, 343, 348, 361, 397, 405, 
409, 411, 417, 422, 432, 448, 456, 476, 
480, 603, 675, 696. 

Ellis butter-substitute patent, 684. 

Ellis electrolyzer, 570, 

Ellis process of making hydrogen, 482. 

Elsworthy, 467. 

Elworthy, 110, 167, 174, 448, 450, 467, 
491. 

Ely, 686. 

Emery, 411. 

Emulsification of oily material with 
milk, 332, 

Emulsion for blending with hydro- 
genated oils, 357. 

Enderli, 168 

Enduli, 424. 

Engels, 444. 

Engler, 424. 

‘ English soap trade, 359. 

Enzymes, 247. 

Equilibrium, oleic acid, 223. 

Erdmann, 8, 13, 19, 51, 109, 118, 120 
121, 122, 123, 124, 125, 128, 130, 133 
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137, 138, 181, 184, 199, 201, 203, 205, 
206, 207, 208, 210, 211, 214, 215, 218, 
220, 221, 222, 223, 224, 271, 292, 400, 
406, 643, 661, 682. 

Erdmann, experimental work by, 213. 
Erdmann on Normann patent, 212. 
Erlandseri, 337. 

Ernst, 247. 

Erucic acid, 280, 285, 297, 300, 301, 315, 
440, 609. 

Erucic acid, determination, 285. 

Erucic acid to behenic acid, 285. 

Esch, 29. • 

Eschweger soaps, 374, 387. 

Espil, 126, 127, 160, 175, 220. 

Essential oils, 365. 

Essential oils, hydrogen number of, 255. 
Estabrook, 340. 

Esterbrook, 646. 

Ester number, 305. 

Esterification, Dreymann’s method, 92. 
Esterification process, 92. 

Esterification with glycerine, 93. 

Esters, 332. 

Esters, cinnamic, 260. 

Esters, fatty, 52. 

Esters for making hydrogen, 530. 
Ethane, 438. 

Ethyl acetate, 86, 92, 280, 530. 

Ethyl ester, 92. 

Ethyl ester of linolenic acid, 51. 

Ethyl ester of linolic acid, 51. 

Elhyl ester of linseed oil fatty acids, 51. 
Ethyl ester of stearic acid, 51. 

Ethyl oleate, 90. 

Ethyl stearate, 51. 

Ethylene, 58, 112, 143, 247, 420, 532, 
606, 611, 621. 

Ethylene compounds, 269. 

Ethylene derivatives, 114. 

Ethylene hydrocarbons, 160. 

Eugenol, 86. 

Europe, capacity of plants in, 352. 
Europe, production of linseed oil in, 352. 
European hardening plants, 399. 

Evans, 421. 

Expansion of hydrogenated oils, 361. 
Explosion arrester, 603. 

Explosion by evolution of gas, 265. 
Explosion dangers, 169. 


Explosion of carbonyl and air, 233. 
Explosion of hardening tank, 603. 
Explosion of nickel carbonyl vapor, 237.. 
Explosions, causes of, 592. 

Explosions of oxygen, 602. 

Explosions, possibility of, 590. 

Explosions when compressing, 592. 
Explosive mftetures of oxygen and hydro- 
gen, 601. 

Explosive propertie^s of nickel compound,, 
230. 

Extraction of catalyzer, 214. 

Extraction of nickel from ores, 234. 
Eycken, 559. 

Fabris, 106, 116, 267. 

Fahrion, 105, 107, 256. 

Falciola, 85. 

Farmer, 33. 

Farnsteiner, 290. 

Fat, beef, 355. 

Fat having the melting-point of butter,. 
332. 

Fat, lard-like, 58. 

Fat mixture for preparing soap, 364. 

Fat, semi-solid, 632. 

Fat-soluble growth substances of beef 
fat, 355. 

Fat splitting, 394, 398. 

Fat, stuffing, 408. 

Fats and their economical use in the 
home, 340. 

Fats, animal, 333. 

Fats, liquid, cause shortening, 345. 

Fats, low grade, 328. 

Fatty acid, 52, 67, 68, 83, 325, 363, 373, 
377, 380, 394, 398, 405, 408. 

Fatty a(;id and ammonia, 84. 

Fatty acid anhydrides, 79. 

Fatty acid as candle material, 378. 

Fatty acid, cotton oil, 298. 

Fatty acid, electrolytic reduction of, 280^ 
Fatty acid, examination of, 379. 

Fatty acid, high content of, 137. 

Fatty acid, hydrogenation, 280. 

Fatty acid, hydroxy, 313. 

Fatty acid, odor of, 370. 

Fatty acid of hardened fish and whale 
oil, 39 5 . 

Fatty acid of sunflower oil, 297. 
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Fatty acid produced by moisture, 140. 
Fatty acid separation by solvents, 408. 
Fatty acid, titre, 322. 

Fatty alcohol, 284. 

Fatty aromatic amines, 84. 

Fatty cleavage reagent, 29. 

Fatty esters, 52. 

Fatty food products, methbd of making, 
346. 

Fatty products of saponification, 379. 
Fay and Seeker, 112. 

P^eeding tests of hydrogenated oils, 339. * 
Feld, 94. 

Fels Naphtha Soap Works, 382. 

Ferric chloride, 273. 

P'erric hydrate, 262. 

Ferric hydroxide, 273. 

Ferric oxide, 151, 512. 

P’erric oxide, hydrated, 452. 

Ferric oxide in electrolyte, 552. 

Ferric nitrate, 451, 455. 

Ferriferous nickel oxide, impure, 230. 
Ferrite, alkali, 458. 

Ferro-carbonyl liquid, 233. 

Ferrosilicon, 533. 

Ferrosilicon and caustic soda, 595. 
Ferrosilicon with soda-lime, 521. 
Ferroso-ferric oxide, 502, 512. 

Ferrous carbonate, 451, 502. 

P'errous oxalate, 151. 

Ferrous sulphate, 454, 516. 

Fettraffinerie, A. G., 406. 

Fibrous material in making catalyzer, 56. 
Fiersot, 550. 

Fierz, 237. 

Filling-in fat stock, hardened fish oil as. 
374. 

Pilling, soap, 375. 

Filter press, Shriver, 417. 

Pllter press type of electrolyzer, 541, 559, 
560, 570, 571, 575. 

Filtration, careless, 324. 

Filtration, magnetic, 169. 

Filtration to remove finely divided nickel, 
417. 

Finely divided nickel, 233, 248, 33i, 
344. 

Finely divided, meaning of, 624. 

Finely divided metal as catalyzer, 212. 
Eire brick,' 174, 434. 


First disclosure of hydrogenation of oils 
in a liquid state, 7. 

Plrth, 268, 274. 

Fischer, 294, 550. 

Fischli, 184, 314. 

Fish and whale oil, properties of, 395. 
Fish meal, 350. 

Fish oil, 25, 73, 83, 87, 147, 153, 155, 
248, 281, 301, 328, 329, 339, 340, 358, 
360, 362, 378, 390, 392, 394, 395, 396, 
398, 401, 405, 409, 411, 607, 609, 612. 
Fish oil, hardened, 285, 286, 287, 291, 
292, 295, 366, 372. 

P'^ish oil, hydrogenated, 338, 242. 

Fish oil in edible fats, 302. 

Fivsh oil in margarine, 329. 

P’ish oils, cost of, 353. 

Fish oils, utilization of, 349. 

Fixation of hydrogen, 271. 

Flake white, 635, 675, 677, 695. 

Flaky cobalt, 141. 

Plaky iron, 505. 

Flake nickel, 140, 219. 

Flash-back, 563. 

Flatting paint composition, 409. 

Flavor, improvement of, 348. 

Plavor of product, 319. 

Flavoring compound, 332. 

Flax, 56. 

Flocculated nickel oxide, 218. 

Florolene, 691. 

Flour, 383. 

Flour and hard fat in making bread, 
341. 

Plour and hardened oil, 646. 

Flour and powdered hard fat, 340. 
P"lour-like shortening agent, 340. 

“ Fluffy ” hardened product, 321. 
Fluorides, 156. 

Fluorine, complex compounds of, 155. 
Fluosilicic acid, 256. 

Fluxes, 251. 

Foerster, 276. 

Foersterling, 519. 

Fokin, 101, 209, 221, 242, 249, 257, 275, 
297, 657, 665, 697. 

Food compound simulating lard, 344. 
Food elements, 355. 

Food prepared in nickelware vessels, 348. 
Food product, liquid, 354. 
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Food value of hydrogenated corn oil, 
350. 

Food value of hydrogenated oil, 339. 
Foodstuffs, content of nickel, 327. 

Ford, 435. 

Formaldehyde, 192, 255, 382, 423, 450. 
Formaldehyde, reducing effect of, 205. 
Formalin, 55. 

Formate, calcium, 446. 

Formate in place of hydrogen, 78. 

Formate metallic, 78. 

Formate, nickel, 48, 52, 79, 125, 130, 138, • 
140, 147, 154, 179, 188, 192, 194, 198, 
200, 202, 224, 225, 227, 406, 437. 
Formate reduction, 192. 

Formate, zinc, 78, 79, 130, 140. 

Formates, 47, 108, 125, 153, 190, 191,194. 
Formates, making, 153. 

Formation of hydrides, 270. 

Formation of lactones, 285. 

Formation of nickel by overhardening, 
219. 

Formic acid, 39, 140, 153, 194, 251, 280, 
419, 450. 

Formic acid, salts of, 130. 

Formula for making milled soap base, 
370. 

Forniulas for lubricants, 403. 

Fortini, 295. 

Fortini’s test, 292. 

For wood, 434. 

Fossil meal, 131. 

Fourniols, 533. 

Fox, 411. 

Franck, 135, 255. 

Frank, 462, 463, 464, 467, 478. 
Frank-Lin'-ic‘-Caro process, 62. 

Frank purification process, 597. 

Franke, 422. 

Frasch, 484. 

Frazer genefator, 588. 

Fredrikstad plant, 360. 

Free fatty acid, 324, 351. 

Free fatty acids, content of, 282. 
Frerichs, 210. 

Fresenius, 149. 

Fresnaye, 530. 

Freundlich, 3. 
lYedricia, 337. 

Fry, 443. 


Fryer, 302, 303. 

Fuchs, 40, 187. 

Fullers’ earth, 10, 94, 159, 171, 224, 239, 
417. 

Fumaric acid, 279, 280. 

Gacbel, 304. 

Galactose, ‘ih7. 

Galvanoplastic process, 141. 

Gallic acid, 530. 

Garbage grease, 88. 

Garbage grease for making hydrogen, 
484. 

Garth, 284, 362, 371, 381. 

Garuti, 544, 591. 

Garuti apparatus, 546. 

Gas, coal, 240. 

Gas cylinders, finely divided iron in, 592. 
Gas cylinders, oil in, 592. 

Gas, diffusion of, 443. 

Gas, freeing from carbon dioxide, 599. 
Gas, igniter, 251, 264. 

Gas, inert, 169, 231. 

Gas, measuring system, 37. 

Gas, producer, 446. 

Gas Products Association, 603. 

Gas purification, 595. 

Gas separator, centrifugal, 467. 

Gas, water, 232, 237, 241, 444, 620. 
Gases, hydrogen, containing, 232. 
Gasoline, 68, 418. 

Gasoline from crude oil, 423. 

Gates, 325. 

Gautier, 450, 467, 502. 

Gauze, wire, 456. 

Geeraerd, 589. 

Geisenberger, 473. 

Geitel, 197. 

Gelatin, 194, 247, 257. 

Gelatinous aluminum hydrate, 192. 
Gelatinous silicon hydrate, 192. 
Generating hydrogen by electrolysis, 
536. 

Generation of electrical energy, 516. 
George Schicht, A.-G., 241, 402 . 

* Gerard, 248. 

Gerhartz, 501. 

German gas regulations, 602. 

German importation of fats, 349. 
German pale yellow soap, 393. • 
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German utilization of fata, 349. 
Germania Oelwerke, 362, 373, 387, 406. 
Germania oil works, 287. 

Germany and the hydrogenation process, 
80. 

Germany and the whale oil question, 
331. 

Germany and use of harderfed whale oil, 
339. 

Germany, fats in, 390, 398. 

Germany, hydrogenation in, 212. 

Gerum, 6. 

Ges fiir Lindes Eismaschinen, 600. 
Gheorghiu, 348. 

Giffard, 485. 

Gill, 338. 

Glaser, 126, 208. 

Glass, 256, 432. 

Glass carrier, 119 

Glass fragments and nickel, 176. 

Glass wool, 135, 590. 

Glue, 428. 

Glue solutions, 257. 

Gly cerate, nickel, 197. 

Glycerides, mixed, 337. 

Glycerides of linoleic acid, transforma- 
tion to olein, 415. 

Glycerides, partial saturation of, 322. 
Glycerine, 32, 86, 186, 194, 197, 313, 
373, 394, 408, 600. 

Glycerine containing lyes, 370. 

Glycerine content, 349. 

Glycerine content of oils and fats, method 
of increasing, 348. 

Glycerine determination, 313. 

Glycerine enrichment of oil, 348. 
Glycerine esterification, 93. 

Glycerine, esterification with, 32. 
Glycerine oleate, 91 . 

Glycerine, removal of, 365. 

Glycerine soaps, transparent, 375. 
Glycerol content of hardened fats, 313. 
Glj^3ollate8, 48. 

Godfrey, 341, 356. 

Gold, 246, 265, 276, 

Gold leaf, 267. 

Gold-palladium, 277. 

Gold, precipitated, 267. 

Gold sol, 262. . 

Goldenburg, 252. 


Goldschmidt, 2, 19, 443, (>08, 612. 
Government investigations on hydro- 
genated oils, 326. 

Graff, 681. 

Graham, 269. 

Grained soap, 371. 

Granite surfaces, 11. 

Grape seed oil, 39. 

Graphite, 175, 411, 420, 

Grease for making hydrogen, 484. 
Grease, garbage, 88. 

• Grease, lubricating, 411. 

Green, 448. • 

Green hydrate of nickel, 617. 

Green nickel hydrate, 232. 

Green nickel oxide, 98. 
Greisheini-Elektron, 440, 444, 458, 525,, 
595. 

Griffin's apparatus, 581. 

Grignard, 221. 

Grirnme, 292. 

Grinding compound, 411. 

Groh, 257. 

Grossmann, 294. 

Griln, 89, 302. 

Griiner, 33, 61. 

Guayule resin, 405. 

Guillien, 532. 

Gum, 121. 

Gum arabic, 200, 246, 247, 250, 254, 257, 
452, 600. 

Gum tragacanth, 452. 

Gums, varnish, 405. 

Gurney, 399. 

Gutbier, 268. 

Gypsum, 520. 

Haas, 189. 

Haber process, 80. 

Hagemann, 95, 140, 167. 

Hajek, 380. 

Halla, 269. 

Haleco, 372. 

Halibut oil, 411. 

Hall, 11, 331, 428. 

• Haller, 11. 

Halliburton, 355. 

Halogens, 160, 164. 

Halogens, determination of, 316. 
Halphen reaction, 242, 697. 
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Halphen icat, m, ^‘25, 

628 , 689 . 

Halske, 550, 600. 

Halter, 581. 

Hamburg, 107. 

Hamburger, 168. 

Hamlin, 533. 

Hammond’s control apparatus, 603. 
Hand, 630. 

Hand, decision of Judge, 700. 

Hanko, 647, 691. , 

Hanus method, 405. , 

Hard fat from peanut oil, 250. 

Hard soap, demand for, 352 
Hard soaps, made by hydrogenation, 
360. 

Hardened castor oil, 381 
Hardened cotton oil, 328. 

Hardened fats, capacity for holding 
water, 355. 

Harc'ned fish oil, 328. 
liurcl 'ned fish oil as substitute for tallow, 
374. 

Hardened fish oil in oleomargarine, 339. 
Hardened fish oil in soap, 378. 

Hardened oil and flour, 646. 

Hardened oil, atomization, 342. 

Hardened oil, economy of using, 323. 
Hardened oil, edibility of, 323, 326, 347. 
Hardened oil in the candle industry, 398. 
Hardened oil, glycerine content, 313. 
Hardened v>il, hydrogen in, 692. 
Hardened oil, keeping properties of, 337. 
Hardened oil, nickel content of, 328. 
Hardened oil, properties and uses of, 352. 
Hardened c '!, semi-solid, 632. 

Hardened oil, splitting reagent, 30. 
Hardened whale oil, chemical composi- 
tion of, 314. 

Hardened whale oil for food, 330. 
Hardened whale oil in oleomargarine, 
339. 

Hardening cottonseed oil, rate of, 128. 
Hardening curves, 219. 

Hardening in Europe, 399. 

Hardening, instantaneous, 693. 
Hardening linseed oil with basic nickel 
carbonate, 225. 

Hardening linseed oil with nickel for- 
mate, 225. 


Hardening of linseed oil with metallic 
nickel, 226. 

Hardening plants using water gas, 461. 
Hardening process, 610. 

Hardening sesame oil with basic nickel 
carbonate, 225. 

Hardening, ipeed of reaction, 226. 
Hardening tank explosion, 603. 

Hardening with ammonia, 84. 

Hardening with aniline, 84. 

Hardening with hydrazine, 85. 

Hardening with trimethylamine, 84 . 
Harmsen, 382. 

Harness leather, 408. 

Hartl, 294. 

Hartmann, 6, 250, 264. 

Hauchccornc test, 309. 

Hauser, 373. 

Ilausamann, 129, 195, 198. 

Hausmann, 21. 

Hautefeuille, 270. 

Hazard-Flamand apparatus, 564. 

Healthy nickel, 271. 

Heat decomposition of oils to yield hy- 
drogen, 482. 

Heat of bromination, 101. 

Heat on hydrocarbons, effect of, 471. 
Heating fatty acids with water under 
pressure, 89. 

Hebert, 402. 

Heftcr, 1, 223, 294, 329. 

Hehner, 155, 1()3, 623, 029. 

Hchner number, 295. 

Hehner’s statement, 617. 

Heim, 402. 

Heinemann, 260. 

Helbig, 532. 

Heller, 363, 373. 

Hembert & Henry process, 447. 

Hemp, 56. 

. Hemptinne, 3, 30, 83. 

Hendricks, 66. 

Henke, 457. 

Henry, 447. 

•Henry’s law, 274. 

Hepburn, 588. 

Herforder, 7. 

Herman, 479. 

Herring oil, 163, 392. 

Herford oil works, 212. 
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Herrings, utilization in Germany, 350. 
Hertzog, 105. 

Herzman, 84. 

Hess, 264. 

Heterocyclic compounds, 246. 
Hexahydrobcnzene, 611. 
Hexahydrophthalic acid, 26^. 
Hexamethylene hydrocarbons, 257. 

Heyl, 421. 

Higgins, 39, 47, 78, 88, 95, 110, 126, 130, 
140, 193, 194, 198, 406, 430. 

High hydrogen pressure, 19. 

High pressure apparatus, 52. 

High tension electric discharge, 74, 435. 
Hildebrandt, 461. 

Hildesheimer, 143. 

Hills, 486. 

Hirt, 436. 

History of hydrogenation at Proctor & 
Gamble’s 065. 

Illavati, 523. 

Hoehn, 82. 

Hofer, 424. 

Hofmann, 259. 

Hofstede, 260, 

Hoitserna, 270. 

Hokkaido, 392. 

Holbrook, 343. 

Holcgrcber, 422. 

Holde, 439. 

Holmes, 339, 668 
Holt, 268, 209. 

Homfray, 274. 

Hooton, 511. 

Hoyer, 207. 

Huber, 302, 311. 

Huebl, 304. 

Huet, 329. 

Hugel, 281, 284, 286, 313, 326, 327. 
Human consumption of hardened oil, 
question of, 347. 

Humphrey, 423. 

Humphreys, 64, 425. 

Huston, 11. 

Hydrate, cobalt, 146. < 

Hydrate, copper, 146, 162, 

Hydrate, hydrazine, 261. 

Hydrate, lime, 446. 

Hydrate, nickel, 109, 115, 131, 138, 146, 
147, 149, 153, 172, 186, 207, 232. 


Hydrate of nickel and copper, 55. 
Hydrated non-basic oxides, 262. 
Hydration of fatty acids, 89. 

Hydrazine hydrate, 85, 253, 261. 
Hydrazine, reducing power of, 176. 
Hydride, boron, 143. 

Hydride, calcium, 520, 533, 595. 
Hydride, cerium, 279. 

Hydride, cobalt, 275. 

Hydride, copper, 196. 

Hydride for making hydrogen, 520. 
Hydride nickel, ^66, 693. 

Hydride, nickel oxide, 216. 

Hydride, palladium, 269. 

Hydride, platinum, 251. 

Hydride, primary, 271. 

Hydride, suboxide, 210. 

Hydrides, formation of, 270. 

Hydrides in catalyzers, 275. 

Hydrides, mtdal, 275. 

Hydrides, removal of, 137. 

Hydrik process, 523. 

Hydriodic acid, reduction of oleic acid 

by, 2. 

Hydrobromic acid, 160. 

Hydrocarbon oils, 20. 

Hydrocarbons, 15, 110, 153, 231, 267, 
278, 611. 

Hydrocarbons and water vapor, 472. 
Hydrocarbons, catalyzer for, 151. 
Hydrocarbons, decomposition of, 471. 
Hydrocarbons for making hydrogen, 449. 
Hydrocarbons, removal of, 597. 
Hydrocarbon oils, treatment with hy- 
drogen, 10. 

Hydrocarbons, treatment with steam, 21. 
Hydrocarbons, unsaturated, 250. 
Hydrochloric acid, 113, 160, 223, 513. 
Hydrochloride, platinum, 242. 
Hydrocyanic acid, 165, 247. 
Hydrofluosilicic acid, 256. 

Hydrogen, 104. 

Hydrogen absorption, 272. 

Hydrogen absorption by limonene, 269. 
Hydrogen, absorption by nickel, 60. 
Hydrogen, absorption by petroleum 
430. 

Hydrogen, action on metal, 270. 
Hydrogen, action on phytosterol, 284, 
Hydrogen added to oil, 695. 
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Hydrogen addition, mechanism of, 265. 
Hydrogen, addition to fatty oil, 282. 
Hydrogen, amount for cocoanut, olive, 
corn oil, tallow, oleic acid, 439. 
Hydrogen, analysis of, 476. 

Hydrogen and carbon black, 480, 481. 
Hydrogen and lampblack, 473. 
Hydrogen and nitrogen mixtures, 532. 
Hydrogen and oxygen, combination of, 
275. 

Hydrogen and oxygen, union of, 247. 
Hydrogen and sodium silicate, 530, 
Hydrogen, as reducing gUs, 210. 
Hydrogen at high pressures, vessels for, 
529. 

Hydrogen, barium hydrate for making, 
458. 

Hydrogen bubbling process, 25. 
Hydrogen by action of acids on metals, 
515. 

Hydrogen by action of solar rays, 501. 
Hydrogen by arc decomposition, 558. 
Hydrogen bv brine electrolysis, 440. 
Hydrogen by Bruno process, 517. 
Hydrogen by Burdett system, 563. 
Hydrogen by catalytic absoriition, 250. 
Hydrogen by catalytic action, 451. 
Hydrogen by decomposition of hydro- 
carbons, 534. 

Hydrogen by Dempster system, .507. 
Hydrogen by diffusion, 450, 407, 531. 
Hydrogen bv electrolysis, 518, .534. 
Hydrogen by electrolysis of water, 536. 
Hydrogen by heating zinc dust with 
hydrated lime, 526. 

Hyd’ ogen by 1. 0. C. system, 568. 
Hydrogen b} iron alloys, 502. 

Hydrogen by Linde process, 534. 
Hydrogen by liquefaction, 480. 
Hydrogen by passing steam over coke, 
447. 

Hydrogen by process of Improved 
Equipment Co., 512. 

Hydrogen, by-product, 440. 

Hydrogen by Schuckert system, 551. 
Hydrogen by the action of steam on 
heated metal, 485. 

Hydrogen by the decomposition of 
• hydrocarbons, 471. 

Hyiogen by use of alloys, 525, 


Hydrogen by use of barium sulphate, 
535. 

Hydrogen by use of molten zinc, 532. 
Hydrogen by use of scrap iron, 533. 
Hydrogen by use of steam and carbon, 
527. 

Hydrogen cq,friers, 275. 

Hydrogen, catalyzer for making, 479. 
Hydrogen, catalyzers in making, 444. 
Hydrogen, classification of methods, 441. 
Hydrogen containing carbon monoxide, 
40. 42. 

Hydrogen-containing compounds, 270. 
Hydrogen-containing gas, 448. 
Hydrogen-containing gases, 232. 
Hydrogen-containing metals, 265. 
Hydrogen containing moisture, 596. 
Hydrogen contaminated with air, 592. 
Hydrogen conveyors, active, 212. 
Hydrogen, cost of, 476, 508, 515, 534. 
Hydrogen cylinders, 440, 533. 

Hydrogen, danger of explosion, 169. 
Hydrogen, deodorizing by, 87. 

Hydrogen developed by recovered cata- 
lyst, 215. 

Hydrogen dioxide, 33, 247, 

Hydrogen, dry, 127. 

Hydrogen, effect of pressure, 170. 
Hydrogen, electrolytic addition of, 3. 
Hydrogen electrolyzers, control of, 585, 
Hydrogen, fixation of, 271. 

Hydrogen for military balloons, 533. 
Hydrogen for military purposes, 80. 
Hydrogen, formation of carbon in mak- 
ing, 510. 

Hydrogen free from carbon monoxide, 
510. 

Hydrogen from acetylene, 472. 

Hydrogen from aluminum and caustic 
soda, 519, 523, 532. 

Hydrogen from bitumen and shale, 
473. 

Hydrogen from calcium hydride, 520. 
Hydrogen from carbon dioxide, separa- 
tion of, 466. 

Hydrogen from catalyzer, 210. 
Hydrogen free from catalyzer poisons, 
532. 

Hydrogen from coke, 447. 

Hydrogen from ferrosilicon, 521. 
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Hydrogen from ferrosilicon and steam 
522. 

Hydrogen from garbage grease, 484. 
Hydrogen from Garute generator, 544. 
Hydrogen from hydrocarbons, 449. 
Hydrogen from hydrocarbons and steam 
476, 479. , 

Hydrogen from illuminating gas, 476. 
Hydrogen from iron and carbon dioxide 
517. 

Hydrogen from iron and hydrochloric 
acid, 515. 

Hydrogen from iron bri(iu(‘ttes, 501. 
Hydrogen from methane, 480. 

Hydrogen from molten metal, 501. 
Hydrogen from natural gas, 438, 478 
484. 

Hydrogen from petroleum, 424, 478, 484. 
Hydrogen from S(;hmidt generator, 541. 
Hydrogen from silicides, 519. 

Hydrogen from sodium, 519. 

Hydrogen from steam. 485. 

Hydrogen from steam and iron at high 
pressure, 528. 

Hydrogen from sulphuric acid t.nd iron, 
generation of, 516. 

Hydrogen from waste liquor sludges 
531. 

Hydrogen from water gas, 444. 

Hydrogen from zinc, 80, 515. 

Hydrogen from zinc and lime, 520. 
Hydrogen gas in aeronautics, 534. 
Hydrogen, gases containing, 144. 
Hydrogen generation, miscellaneous 
methods, 519. 

Hydrogen given off by cataylzer, 206. 
Hydrogen, handling of, 415. 

Hydrogen high-pressure apparatus, 600. 
Hydrogen, high pressure process, 513. 
Hydrogen impurities, 493. 

Hydrogen in electrolytic oxygen, 601. 
Hy^drogen in gaseous mixtures, deter- 
mination of, 314. 

Hydrogen, iron and steam method, 534. 
Hydrogen leakage, 415. 

Hydrogen, lime for making, 457. 
Hydrogen, nascent, 271, 273, 274, 437. 
Hydrogen number, 50, 51, lOl. 

Hydrogen number, determination of, 306. 
Hydrogen number of essential oils, 255. 


Hydrogen, obtaining pure, 488. 
Hydrogen, occluded, 132. 

Hydrogen, occlusion of, 265. 

Hydrogen on metallic solutions, 276. 
Hydrogen, partial reduction of iron in 
making, 486. 

Hydrogen per ampere hour, ,536. 
Hydrogen, per cent in hardened oil, 692. 
Hydrogen per ton of oil, 107. 

Hydrogen phosphide, 14, 610. 

Hydrogen, phosphoretted, 231. 

Hydrogen planj., cost of, 441. 

Hydrogen plants, stationary and port- 
able, 595. 

Hydrogen, precautions in making, 512. 
Hydrogen, preheated, 40. 

Hydrogen, pressure of, in hardening, 85. 
Hydrogen problem in oil hardening, 439. 
Hydrogen processes devised by Messer- 
schmitt, 490. 

Hydrogen producer, use of lime in, 476. 
Hydrogen producing, 437. 

Hydrogen purification, 467. 488, 595. 
Hydrogen, i)urification by absorption, 
467. 

Hydrogen, purification by carbide, 597. 
Hydrogen, rate of absorption, 71. 
Hydrogen, reduction in solution by, 170. 
Hydrogen, replacement of carbon mon- 
oxide, 444. 

Hydrogen requirements per ton of fat, 
439. 

Hydrogen, solubility in metals, 265. 
Hydrogen standards, 603. 

Hydrogen, steel alloys to contain, 529. 
Hydrogen storage tanks, 594. 

Hydrogen, strong current of, 620, 626. 
Hydrogen sulphide, 15, 113, 163, 165, 
166, 208, 231, 318, 433, 434, 443, 455, 
487, 609, 615, 618, 620. 

Hydrogen sulphide, removal of, 478. 
Hydrogen, sulphur and arsenic in, 163. 
Hydrogen, supply of, 440. 

Hydrogen transfer by gas holders, 76. 
Hydrogen transfer by platinum metals, 
269. 

Hydrogen, transference of, 271. 

Hydrogen, use of alkali ferrite, 458. 
Hydrogen, use of copper and iron, 504. 
Hydrogen, use of esters. 530. 
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Hydrogen, use of manganese ores, 495. 
Hydrogen, use of sulphides, 511. 
Hydrogen, use of water gas, 441. 
Hydrogen, using alloys of iron, 499. 
Hydrogen, using sodium bisulphate, 517. 
Hydrogen value of organic compounds, 
297. 

Hydrogen, washing with water, 488. 
Hydrogen, water in, 166. 

Hydrogen with small percentages of 
oxygen, 602. 

Hydrogenated animal fj^ts, 242. 
Hydrogenated butter fat, 337. 
Hydrogenated corn oil, 242, 335. 
Hydrogenated castor oil as insulator, 
409. 

Hydrogenated corn oil, 350. 
Hydrogenated edible oils, patents on, 
331. 

Hydrogenated fat compared with butter, 

338. 

Hydrogenated fat, edibility of, 323, 326, 
347. 

Hydrogenated fat in butter fat, 318. 
Hydrogenated fat in the manufacture of 
bread, 341. 

Hydrogenated fat, method of purifying, 
350. 

Hydrogenated fat, properties of, 290. 
Hydrogenated fatty acid, 377. 
Hydrogenated fish oil, 242, 338. 
ilydrogent/ed food product industry 
631. 

Hydrogenated lard compound, 321. 
Hydrogenated linseed oil, 387. 
Hydrogenatf'd linseed oil in white soap, 
388. 

Hydrogenated oil, analytical constants 
of, 281. 

Hydrogenated oil and baking powder, 
343. 

Hydrogenated oil and pulverulent mate- 
rial, 411. 

Hydrogenated oil as a powder, 342. 
Hydrogenated oil, ash of, 294. 
Hydrogenated oil, atomization, 342. 
Hydrogenated oil, color reactions, 293. 
Hydrogenated oil, detection of nickel in, 

339. 

Hydrogenated oil, digestibility of, 338. 


Hydrogenated oil, edible, 319. 

Hydrogenated oil, expansion of, 361. 

Hydrogenated oil, glycerine content, 313. 

Hydrogenated oil, harmless, 339. 

Hydrogenated oil, hydrogen in, 692. 

Hydrogenated oil in butter fat, detection 
of, 297. •> 

Hydrogenated oil, keeping qualities of, 
337, 340, 411. 

Hydrogenated oil, partially, 308. 

Hydrogenated oil pateni, litigation, 605. 

Hydrogenated oil, sale of, 635. 

Hydrogenated oil, semi-solid, 632. 

Hydrogenated oil, tests for, 288, 302. 

Hydrogenated oil, utilization in soap 
making, 358. 

Hydrogenated olive oil, 242. 

Hydrogenated peanut oil, 286, 290, 291, 
294. 

Hydrogenated rosin, 403. 

Hydrogenated rosin in varnishes, 403. 

Hydrogenating by Lessing process, 240. 

Hydrogenating coal, 431. 

Hydrogenating, effect of glycerine, 32. 

Hydrogenating equipment, 508. 

Hydrogenating in presence of solvents, 
67. 

Hydrogenating oleic acid in presence of 
alkali, 79. 

Hydrogenation, acceleration of, 39. 

Hydrogenation apparatus for laboratory, 
76. 

Hydrogenation at high pressures, 175. 

Hydrogenation, batch method, 643. 

Hydrogenation beyond titre required, 
333. 

Hydrogenation, bubbling process, 620, 
626. 

Hydrogenation by catalytic action, 5. 

Hydrogenation by means of nickel oxide 
and metallic nickel, 213. 

Hydrogenation by nickel carbonyl, 287. 

Hydrogenation by use of chloride of 
mercury, 144. 

jHydrogenation, catalyzer poisons, 223. 

Hydrogenation Co., 661. 

Hydrogenation, continuous method, 643. 

Hydrogenation curves, 101, 155, 226. 

Hydrogenation dependent on cheap hy- 
drogen, 595. 
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Hydrogenation, effect of pressure, 89. 
Hydrogenation, effect of water, 226. 
Hydrogenation, end of, 633. 
Hydrogenation, history of, 654. 
Hydrogenation in Germany, 212. 
Hydrogenation in solution, 210. 
Hydrogenation in solvents, 187, 280. 
Hydrogenation, instantaneous, 23, 693. 
Hydrogenation, Lewkowitsch's failure, 
617. 

Hydrogenation of benzol, 270. 
Hydrogenation of butter, lard and oleo- 
margarine, 660. 

Hydrogenation of carbon compounds, 
152. 

Hydrogenation of cholesterol, 283. 
Hydrogenation of cottonseed oil, incom- 
plete, 317. 

Hydrogenation of fatty acids, 280. 
Hydrogenation of Japanese fish oil, 137. 
Hydrogenation of oil by passage through 
a centrifuge, 21. 

Hydrogenation of oils containing the 
hydroxyl group, 38. 

Hydrogenation of oils in liquid state, 7. 
Hydrogenation of oleic acid, 80. 
Hydrogenation of oleic acid in a vapor- 
ized state, 26. 

Hydrogenation on color tests of oils, 285. 
Hydrogenation of petroleum, 154, 418. 
Hydrogenation of the benzol ring by 
nickel, 175. 

Hydrogenation, partial, 96. 
Hydrogenation plants, European, 399. 
Hydrogenation plants using water gas, 
461. 

Hydrogenation practice, 412. 
Hydrogenation process, 610. 
Hydrogenation process, cyclic, 22. 
Hydrogenation process of Lane, 82. 
Hydrogenation, products of, 105, 292. 
Hydrogenation, progressive, 663. 
Hydrogenation, selective, 25, 97. 
Hydrogenation, size of apparatus, 100. 
Hydrogenation, speed of reaction, 226. , 
Hydrogenation temperature, 39, 619. 
Hydrogenation, use of carefully dried oil, 
220 . 

Hydrogenation, use of formic acid, 140, 
194, 


Hydrogenation, use of stirrer, 620, 626. 
Hydrogenation, value of, 620. 
Hydrogenation with carbonyl, 239. 
Hydrogenation with charcoal catalyzer, 
149. 

Hydrogenation with dried oil, 140. 
Hydrogenation with formic acid, 251. 
Hydrogenation with nickel carbonyl, 
177. 

Hydrogenation with nickel, results ob- 
^ tained by, 271. 

Hydrogenation , without a catalyst, 87. 
Hydrogenator for laboratory use, 53. 
Hydrogenit process, 521. 

Hydrogenite, 533, 595. 

Hydrogenized fats for food, 669. 

Hydroil, Ltd., 107, 208. 

Hydrolecithin, 323. 

Hydrolith, 533. 

Hydrosol, palladium, 264. 

Hydrosols, 207. 

Hydrosols, platinum, 249. 

Hydrosulphite, sodium, 273. 

Hydroxide, ferric, 273. 

Hydroxide, nickel, 202. 

Hydroxy fatty acids, 19, 84, 313. 
Hydroxy stearic acid, 3, 440. 

Hydroxyl group, 313. 

Hydroxyl group, reduction of, 313. 
Hydroxyl number of hardened oil, 284. 
Hydroxyl value, 309. 

Hydroxylamine, 250. 

Hyland, 308. 

Hypogeic acid, 291, 380. 

Hypophosphite, nickel, 137. 
Hypophosphite, sodium, 137. 
Hypophosphites, 174. 

Igniter, gas, 251, 264. 

Ignition catalyst, 167. 

Ignition catalyzer, 251, 264. 

Illuminants in oil gas, 424. 

Illuminating gas, 433, 620. 

Illuminating gas, hydrogen from, 476. 
Imbert, 2. 

Importation of fats by Germany, 349. 
Improved Equipment Co., 512. 
Impurities in fatty oils, 354. 

Impurities in oil, 211. 

Inaugural dissertation of R^dforH 
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Indene, 116. 

Index of refraction, 281, 282, 287, 292. 

Inert carriers, 249. 

Inert gas, 169, 171, 194, 231. 

Inert gas, use of, 351. 

Indigo white, 87. 

Inductor, 48. 

Industria saponica, 208. 

Influence of time on progress of reduc- 
tion, 28. 

Infusorial earth, 58, 98, 187, 519. 

Injector nozzles, 72. • 

Injector system, 36. * 

Instantaneous hydrogenation, 23. 

Institute of Hygiene, 347. 

Institution of Petroleum Technologists, 
428. 

Insulating compounds, 358. 

Insulating material, 84. 

Insulation, 359. 

Insulation from castor oil, 409. 

Internal combustion engines, hydrogen 
Irom, 480. 

International Oxygen Co., 565, 571. 

International Wasserstoff, 595. 

Internationale Wasserstoff, A.-C., 496. 

lodi'V,, silver, 273. 

Iodine, 113, 160, 162, 164, 419, 443. 

Iodine, cheap supply of, 2. 

Iodine number, 101, 155, 201, 215, 224, 
225, 287, 289, 290, 292, 295, 297, 304, 
309, SU. 317, 333, 357, 360, 362, 379, 
381, 392, 395, 397, 398, 424, 617, 655, 
059, 660, 663, 664, 692, 695, 701. 

Iodine number of oleic acid, 28. 

Io\ Vine number, reduction of, 281. 

I(*vline nuiiU)er time curves, 102. 

Iodine, purifying solution, 596. 

Iodine-sulphuric acid, 292. 

Iodine value, 345. 

Iodine values of Krcam Krisp, 694. 

Ipatiew, 6, 19, 40, 108, 112, 116, 117, 122, 
126, 170, 209, 220, 226, 424. 

Iridium, 34, 250, 261, 264, 275, 600. 

Iron, 106, 146, 152, 175, 190, 208, 230, 
246, 248, 265, 270, 276, 279, 294, 379, 
404, 422, 423, 426, 429, 430, 432, 437, 
438, 449, 451, 455, 504, 531, 605, 609, 
611, 613, 615, 618, 621, 628. 

Iron alloys, 499. 


Iron alloys for making hydrogen, 502. 
Iron-aluminum, 502. 

Iron and carbon dioxide, 517. 

Iron and sulphuric acid, 595. 

Iron arc, 62. 

Iron bars, 506. 

Iron boring, 485. 

Iron briquettes, 501. 

Iron, caking of, 491. 

Iron carbide, 502. 

Iron carbonate, 502. 

Iron, catalytic activity of, 137. 

Iron catalyzer, 52. 

Iron chloride, 513. 

Iron-copper, 502. 

Iron-copper couple, 459. 

Iron, effect of sulphur on, 485. 

Iron, fatty acid salts, 193. 

Iron filings, 137, 428, 498, 500. 

Iron, finely divided, 496. 

Iron, finely divided in gas cylinders, 592. 
Iron flakes for making hydrogen, 505. 
Iron formate, 191. 

Iron, fritting of, 499. 

Iron hydrate, 264. 

Iron, in making hydrogen, 448, 528. 
Iron-lead, 502. 

Iron, molten, 501. 

Iron netting, 58. 

Iron nitrate, 146, 434. 

Iron on asbestos, 485. 

Iron ore briquettes, 502. 

Iron ore, sintering of, 492. 

Iron, organic salts of, 47, 130, 194. 

Iron oxalate, 452, 502. 

Iron oxide, 151, 167, 199, 402, 425, 426, 
448, 452, 455, 457, 501. 

Iron oxide catalyzer, 21. 

Iron oxide in electrolyte, 552. 

Iron oxide, removal of, 490. 

Iron, partial reduction, 486. 

Iron prot-oxide, 513. 

Iron pyrites, 486, 511. 

Iron pyrites waste, use of, 496. 

^ Iron, pyrophoric, 592. 

Iron, reaction of steam with, 485. 

Iron, reduced, 166. 

Iron, revivication of, 486. 

Iron salts, 486. 

Iron scrap, 509. 
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Iron scrap, percolation of acid through, 
517. 

Iron-silver couple, 459. 

Iron, sintering of, 507. 

Iron soap, 129. 

Iron sponge, life of, 594. 

Iron-sponge steam process, ^40. 
Iron-sponge steam processes of making 
hydrogen, 485. 

Iron, spongy, 505. 

Iron-steam process, 595. 

Iron sulphate, 21, 516. 

Iron sulphide, 485, 

Iron tartrate, 151. 

Iron-vanadium, 502. 

Iron wire, 267. 

Iso butyl oleate, 90. 

Iso eugenol, 86. 

Iso-oleic acid, 79, 379. 

Isopentane, 116. 

Itaconic acid, 280. 

Ittner, 93, 150, 390. 

Iwag system, 496. 

Jackstones, 430. 

Jaffe, 300, 309. 

Jakowlew, 6. 

Janko, 302. 

Japanese fish oil, hydrogenation of, 137. 
Japanese sardine oil, 285. 

Japan wax soaps, 129. 

Japanese wood oil, 275. 

Japanned leather, 407. 

Jaquet, 264. 

Jaubert, 104, 106, 511, 520, 521, 524, 
530, 588, 595. 

Jaubert Method, 501. 

Jaubert’s process, 533. 

Java citronella oil, 376. 

Jenkias, 617. 

Jerzmanowski, 446. 

Jewel compound, 691, 695. 

Jewel compound of Swift & Co., 687. 
Johling, 105, 108. 

Jolicard, 437. 

Jones, 247. 

Jones cell, 588. 

Joslin, 323, 350. 

Joukoff, 279. 

Jouve, 467. 


Jurgens, 313. 

Jurisch, 276, 279. 

Jute, 56. 

Jutol, 363. 

Jutolin, 363. 

Kadt, 37, 40, 129. 

Kahlbaum’s nickel oxide, 201, 214. 

Kalle & Co., 254, 255. 

Kalmus, 112. 

Kalnin, 79. 

Kambara earth, 311. 

Kamps, 20, 43.* 

Kandcl, 363. 

Kandelin, 363. 

Kandetil, 363. 

Kandorit, 363. 

Kansas University, 350. 

Kaolin, 173, 275. 

Kaolin, water content, effect of, 276. 
Karite, 401. 

Karl, 248. 

Karplus, 167. 

Kast, 128. 

Kato, 581. 

Katz, 314. 

Kausch, 534. 

Kaya oil, 336. 

Kayser, 15, 106, 131, 132, 147, 156, 212, 
633, 643, 650, 651, 652, 663, 666, 671, 
677, 697, 703. 

Kayser, history of, 661, 671. 

Kayser kieselguhr catalyzer, 131. 

Kayser process, 663. 

Keebler, 356. 

Keeping properties of hardened oils, 337. 
Keeping qualities, 411. 

Keeping qualities of hardened fat, 326. 
Keeping qualities of liquid oil, 354. 
Kelber, 164, 187, 194, 304, 316. 

Kelp, 2. 

Keratin, 262, 263. 

Kern, 273. 

Kerosene, 422, 432. 

Kerr, 296, 308. 

Kerzenit, 363. 

Kessener method of producing hydrogen, 
531. 

Ketones, 160, 271, 423. 

Kettle, nickel, 327. 
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Keutgen, 330, 331. 

Kiesolguhr, 49, 58, 98, 109, 131, 133, 135, 
139, 140, 147, 158, 176, 177, 192, 198, 
206, 241, 254, 344, 349, 404, 672, 673, 
693, 701, 703. 

Kieselguhr as a carrier for nickel cata- 
lyzer, 16. 

Kieselguhr, purified, 211. 

Killing, 264. 

Kimura, 58, 171, 600. 

Klimont, 105, 338, 339, 

Knapp, 287, 295, 337. * 

Knorr, 318. * 

Knorre, 394. 

Knotte, 262. 

Knowles, 600. 

Knowles Oxygen Co., 361. 

Knowles purifying sy.stem, 597. 
Kohlenpiilver, 149. 

Kohnian, 311, 356. 

Kolbe, .5. 

Kov.'vaar, 279. 

Kraift, 377. 

Kream-Krisp, 630, 693. 

Kream-Krisp, composition of, 694. 
Krebitz process, 365. 

Kreis 286, 309. 
lvri.st, 402. 

Kritolit, 363. 

Krumhaar, 265. 

Krunotin, 363. 

Krutoi, 36‘^ 

Krutolin, 363, 383, 399. 

Krutello, 363. 

Kuess, 3. 

Laboratory apparatus of Voswinckel, 52. 
Laboratory hydrogenation apparatus, 76. 
Laboratory hydrogenator, 63. 

Lach, 382. 

Lackey, 350, 410. 

Lactate, titanium, 164. 

Lactates, 47, 108. 

Lactic acid, salts of, 130. 

Lactones, 79. 

Lactones, formation of, 286. 

Lahousse barium sulphide process, 626. 
L’Air liquide, 469. 

Lake, 608, 612. 

L’ Aluminum Fran^ais, 174. 


Lamp black, 473. 

Lamplough, 21, 424, 429. 
landis, 536. 

Lane, 82, 171. 

Lane hydrogen process, 487. 

Lane process, 486. 

Lane proce#?, modified, 512. 

Lang, 339, 668. 

Langbein, 325. 

Langer, 110, 229, 232, 237, 448. 

Langer and Mond, 111. 

Ijanterns on electrolyzers, 567. 
Lanthanum oxide, 119. 

La Peyrouse, 85. 

Lard, 309, 310, 384, 398, 409, 647, 660. 
Lard compound, 96, 319, 701. 

Lard compound, change in color on 
standing, 335. 

Lard compound, demand for, in United 
States, 352. 

Lard compound production, 319. 

Ijard compound, stringy, 075. 

Lard consistency, product of, 346. 

Lard cooler, 320. 

Lard-like fat, incompletely hydrogen- 
ated, 345. 

Lard-like fats, 58, 678. 

Lard-like products, 333, 632, 696. 

Lard, physical appearance, 679. 

Lard, rancid, 308. 

Lard substitute, production of, 319, 322* 
Lard substitutes, 701. 

Larsen, 586. 

Latchinoff, 537. 

Lather-forming qualities of soap, 365. 
Lathering properties, 377. 

Lathering properties of milled soaps, 370. 
Lathering properties of soap, 380. 
Lathering properties of talgol mixture, 
367. 

Lathering qualities, 372, 396. 

Laundry soaps, 369, 374. » 

Laundry soaps, hardened fish oils in, 368. 
Lavender oil, 377. 

JLeach, 673. 

Lead, 153, 246, 248, 254, 265, 379, 502. 
Lead carbonate, 530. 

Lead catalyzer, 21. 

Lead chlorate, 273. 

Lead, effect on platinum, 243. 
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Lead, electrodes, 644. 

Lead, molten, 267, 430. 

Lead nitrate, 456. 

Lead oleate, 164. 

Lead oxide, 162, 402, 421, 448, 455, 501, 
530. 

Lead stearate, 164. e 
Lead, sulphide, 530. 

Leaf lard, 96. 

Leather belting, 408. 

Leather, harness, 408. 

Leather industry, 405. 

Leavened bread, 356. 

Leavening composition, 343. 

Leavening ingredients, 343. 

Le Blanc process, 515. 

I.ecithin, 323, 332, 357. 

Leflfer, 21. 

Lehmann, 125, 249, 258, 304, 324, 326, 
327, 347. 

I^eirndorfer, 170, 292, 326, 350, 358, 368, 
369. 

Lelarge, 592. 

Lengthening ” of soap, 383. 

Leprincc, 7, 123, 125, 207, 212, 351, 
372. 

Lepsius, 441, 446. 

Leroy, 559. 

Leslie, 430. 

Lessing, 41, 104, 239. 

Lever Bros., 211, 611. 

Ivcvi, 446. 

Levin, 560, 571. 

Levin generator, 577. 

Levinstein, 401. 

Lewers, 686. 

Lewes process, 485. 

Lewkowitsch, 1, 281, 285, 314, 354, 617, 
620, 626. 

Lieber, 330. 

Liebig, 251. 

Lipbmann, 54, 56, 146, 612, 615, 617, 
624, 629. 

Light oils, production of, 426. 

Lime, 428. , 

Lime and water gas, 594. 

Lime as a flux, .476. 

Lime, hydratad, 446. 

Lime, in making hydrogen, 444, 445. 
Lime, recovery of, 446. 


Limonene, absorption of hydrogen by, 
269. 

Linde, 439, 470. 

Linde-Caro process, 43, 241, 

Linde Eismachinen, A.-G., 463. 
Linde-Frank-Caro, 595. 
Linde-Frank-Caro system, 464. 

Linde hydrogen apparatus, 465. 

Linde process, 534. 

Linde system, 461. 

Lindt, 296. 

Liniments, 410. 

Linoleate, nickel, 130, 138. 

Linoleic acid, 89, 280, 287, 289, 301, 380, 
439, 609. 

Linolei(^ and linolcnic group, 333. 

Linoleic compounds, 322. 

Linolcnic acid, 280, 289, 325, 380, 393, 
439. 

Linolcnic acid, ethyl ester of, 51. 
Linolenic anilidas, 84. 

Linolcnic compound, 322. 

Linoleum industry, 353. 

Linolic acid, 287, 345, 393, 609. 

Linolic acid, ethyl ester of, 51. 

Linolin, 97, 652,’653, 654, 692, 694, 701, 
706. 

Linolith, 387, 388, 398, 399. 

Linseed oil, 12, 39, 52, 89, 105, 122, 139, 
154, 155, 156, 181, 200, 201, 205, 213, 
215, 216, 217, 218, 223, 224, 225, 242, 
275, 282, 283, 301, 310, 355, 361, 387, 
393, 396, 398, 401, 406, 607, 609, 615, 
657, 658. 

Linseed oil fatty acids, 50, 297. 

Linseed oil soap formulas, 388. 

Linseed oil, supply of, 352. 

Lipocromes, 637. 

Liquid, effect on catalyzer, 13. 

Liquid fats cause shortening, 345. 

Liquid hydrocarbons, 15. 

Liquid hydrogenated oil, 354. 

Liquid state, hydrogenation of oils, 7. 
Liquids, absorption of gases by, 600. 
Liquefaction apparatus, 462. 
Liquefaction and other methods for the 
removal of carbon monoxide, 460. 
Liquefaction by compression, 460. 
Liquefaction of water gas, 594. 
Liquefaction, partial. 468. 
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Lithium, 152. 

Lithium phosphate, 156. 

Litigation, 81. 

Litigation patent, 606. 

Liveing, 233. 

Liver oil, 292. 

Lloyd, 308. 

Loew process, 419. 

Long, 246. 

Loock, 329. 

IjOW, 430. 

Ijow-grade fata for edible purposes, 328# 
Low titre of stearine, 880. 

Lowe hydrogen process, 484. 

Lowenatein, 317, 354. 

L’Oxhydrique Fran(^aise, 560. 

Lubeck, 148. 

Lubricants, 358, 396, 411. 

Lubricants containing hardened oil, 402. 
Lucas, 151, 194, 426. 

Ludwig, 327. 

Luening, .5.^)0, 

Luksek, 377. 

Lumbard, 405. 

Lysalbinate, sodium, 207, 2.58. 

Lyaalbinic acid, sodium salts of, 245. 

McBain, 272. 

McCarty, 85, .562. 

McCaw, 634, 671, 677. 

McCaw Mfg. Co., 674. 

McCourt, 480. 

McElroy, 75, 149. 

McFarland, 691. 

Machine tallow, acid free, 368. 

Machined soap base, 370. 

Vladina". aia, 250. 

Magnesia, 150, 195, 428, 457, 480, 500, 
501. 

Magnesia-nickel, 476. 

Magnesium, 151, 246, 248, 267, 273. 
Magnesium carbonate, 243. 

Magnesium hydrate, 153. 

Magnesium nitrate, 169. 

Magnesium oxide, 119, 1.52, 264. 
Magnesium-platinum, 273. « 

Magnesium silicate, 187. 

Magnesium sulphate, 140. 

Magnetic catalyzer, 70, 169, 227. 
Magnetic field, Walter’s, 70. 


Magnetic filtration, 169. 

Magnetic method of separation, 201. 
Magnetic properties of carbonyl, 233. 
Magnetic rotation of nickel carbonyl, 
233. 

Magnetite, 499. 

Magnier, 3. 

Mailhe, 5,«24, 109, 256, 427. 

Majert, 526. 

Majima, 285. 

Maleic acid, 280. 

Malonates, 48. 

Malt extract, 107. 

Maltodextrin, 107. 

Manganese, 151, 168, 198, 455, 499, 
502. 

Manganese carbonate, 151. 

Manganese dioxide, 422, .502, .535. 
Manganese ores, 495. 

Manganese oxide, 152, 167, 402, 448, 467, 
501. 

Manganese oxide as catalyzer, 21. 
Manganite, calcium, 21. 

Manganosilicon, 524, 533. 

Manganous oxide, 535. 

Mann, 4.38. 

Mannich, 259, 309, 315. 

Mannino, 85. 

Manufacture of catalyzers on the large 
scale, 144. 

Manufacturing cost of lard substitute, 
322. 

Marbled soap, 375. 

Marcusson, 25, 283, 302, 308, 310, 311. 
Marengo, 516. 

Margarine, 354, 399, 660. 

Margarine and lard compound, cotton- 
seed oil in, 354. 

Margarine, demand for, 352. 

Margarine, feeding tests on, 337. 
Margarine, fish oil in, 339. 

Margarine industry, detriment to, 329. 
Margarine manufacture, edible ftyts in, 
339. 

Margarine manufacture, introduction of 
hydrogenated products in, 355. 
Margarine, melting point of, 325. 
Margarine, peanut oil for, 324. 
Margarine, peanut oil in, 353. 

Margarine plants, 329. 
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Margarines, capacity for holding water, 
355. 

Margarines having nutritive value of 
butter, 355. 

Marie, 276. 

Marine animal oils, 372. 

Marine animal oils, specific reaction of, 
300. « 

Marine oils and rape oil, 313. 

Marine oils, detection of, 311. 

Marine oils, hydrogenated, 309. 

Markel, 38. 

Marsh apparatus, 235. 

Martha, 230. 

Martin, 278. 

Maryott, 67. 

Maschinenbau-Anstalt Humboldt, 465. 
Matte, nickel, 232. 

Matte, nickel copper, 236. 

Maumene number, 101. 
Mauricheau-Heaupre method, 525. 
Mauricheau-Beaupre system, 595. 
Maxted, 95, 166, 458, 509. 

May, 649. 

Mayer, 6, 123, 271, 283, 338, 339. 

Meal, fish, 350. 

Mean effective temperature, 39. 
Measurements of resistance, 203. 
Mechanism of hydrogen addition, 265. 
Meerschaum, 254, 259. 

Meigen, 9, 124, 128, 183, 210, 211, 216, 
220, 226, 313. 

Mellersch-Jackson, 197. 

Melting point, 103, 202, 205, 281, 292, 
295, 298, 304, 310, 357, 362, 381, 392, 
410, 632, 633, 663, 695, 701. 
Melting-point of butter, fat having, 332. 
Melting point of Burchanal’s product, 
345. 

Melting point of cotton oil, 341. 

Melting point of margarine, 325. 
Mendelstam, 64. 

Menhdden oil, 162, 298, 299, 353. 
Menhaden oil, composition of, 300. 
Mercuric chloride, 247, 625. 

Mercuric oxide, 525.' 

Mercury, 164, 437, 526. 

Mercury chlorate, 273. 

Mercury chloride^ 144. 

Mercury 4mp, 73. 


Merciuy oxide, 264. 

Mercury vapor lamp, 33. 

Merz, 446. 

Mesaconic acid, 280. 

Messerschmitt, 490. 

Mcsserschmitt process and improved 
types of apparatus, 502. 

Messerschmitt process, reactions in, 493, 
494. 

Metal catalyst, traces of, 356. 

Metal, catalytic in oil, 319. 

JVIetal hydrides, 275. 

Metal oxide, finely divided, 348. 

Metal oxidas, free of water, 223. 

Metal powder, catalyzer, 147. 

Metal powd(U’s, conductivity of, 202. 
Metal soap, 129, 198. 

Metal soai)s as catalyzers, 40. 

Metallic diaphragm, 561. 

Metallic diaphragm cell, 550. 

Metallic formates, 78, 191. 

Metallic iron, 496. 

Metallic mirror, 162, 235. 

Metallic nickel, 124, 125, 183, 204, 210,. 

213, 224, 225, 231, 236, 325. 

Metallic nickel, absence of, 211. 

Metallic nickel, formation of, 200. 
Metallic nickel in catalyzers, 9. 

Metallic nickel, loss of conductivity, 219. 
Metallic nickel not conveyor of hydro- 
gen, 220. 

Metallic nickel, precipitation of, 137. 
Metallic nickel vs. nick(;I oxide, 207. 
Metallic oleates, 191. 

Metallic organosols, 253. 

Metallic oxide catalyzer, 19. 

Metallic oxides, 107, 199, 203. 

Metallic platinum, 246. 

Metallic septa, 561. 

Metallic soaps, 196. 

Metallic zinc, 248. 

Metalloids, 254. 

Metallo-organic compounds, 188, 197. 
Metallo-organic salts, 47. 

Metals, activity of, 275. 

^Metals as carriers, 254. 

Metals, platinum, 242, 243. 

Methane, 110, 112, 260, 436, 453, 454* 
480, 494. 

Methane as an impurity, 502. 
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Methane, decomposition of, 478. 

Methane, manufacture of, 529. 

Method, digitonin, 283. 

Methods of hydrogenation, 1. 
Methylamine, 8. 

Methyl ester of cinnamic acid, 86. 

Methyl oleate, 90. 

Methylcyclopentane, 257. 

Metropolitan laboratories, 45. 

Metz, 276. 

Mewes, 470. 

Mexican oil, 433. • 

Meyer, 246, 2.53, 260, 3M). 

Mcyerheim, 25, 108, 283, 310, 328. 

Mica, 201, 251, 256. 

Mice, experiments wit-h, 330. 

Mice, tests with, 357. 

Military purposes, hydrogen for, 80. 
Milled soap from hardened oil, formula 
for making, 370. 

Miller, 584. 

Millian test, 355. 

Milk, 332. 

Milk of lime, 468. 

Mineral acids, 443. 

Mineral oil, 21, 107, 403, 411. 

Mineral oil exposed to ultraviolet rays, 
425. 

Mineral oil on electrolyte, 561. 

Mineral oils and residues, 421. 

Mineral wool, 251. 

Mirror, nickel, 125, 139, 205, 230. 

Mirror test, 217. 

Mirrors, metallic, 162. 

Mittasch, 155, 190, 256, 259, 260, 456 

47Q. 

Mixed glyce rides, 337. 

Mock, 107. 

Moeller, 423. 

Moelloft, 407. 

Moissan, 114, 611, 613, 614, 615, 620. 
Moisture content of margarine, 355. 
Moisture forming fatty acid, 140. 
Moisture in hydrogen, 596. 

Moisture, removal of, 140. 
Moldenhauser, 447, 449, 499. 

Molten lead, 267. 

Molten metal, hydrogen from, 501. 
Molybdates, 152. 

Molybdenum, 168. 


Mond, 110, 229, 231, 232, 233, 236, 
448. 

Mond and Langer, 111. 

Mond plant, 241. 

Monoxide, carbon, 110, 166, 231, 237, 
240, 241, 250, 274. 

Monoxide, silicon, 149. 

Monteux, 4^6. ' 

Montlaur, 251. 

Moore, 64, 96, 119, 123, 124, 166, 203, 
208, 317, 418, 448, 639, 693. 

Moore process, 64, 639, 644, 693. 
Morawitz, 256, 260. 

Moreschi, 310. 

Morey, 157, 158, 159. 

Morgan-Brown, 85. 

Moritz, 559. 

Morrell, 90. 

Morrill, 87. 

Morris- Airey, 246. 

Morrison, 188, 635, 647, 653, 671, 689, 
697. 

Motor spirit, 421. 

Motor spirit from peat tar, 422. 

Motor spirit, manufacture of, 428. 
Mourew, 611, 613. 

Mouries, 329. 

Mueller, 588. 

Muller, 114, 137, 208, 289, 291, 326, 339, 
379, 449. 

Muller speisefettfabrik, A. G., 185. 
Multiple Retort System of Improved 
Equipment Co., 512. 

Multiple type of electrolyzer, 572. 
Munroe, 252. 

Mustard oil, 255. 

Mutton tallow, 289, 657. 

Myristic acid, 299, 300, 314. 

Naamlooze Vennootschap, 7, 132. 
Naamlooze Vennootschap Ant. Jurgens, 
170, 212, 250, 348, 406. 
mher, 449, 504. 

Naphtha, 424. 

Naphtha acids, 83. 

Naphtha, crude, 430. 

Nahptha heptanophthene, 258. 
Naphthalene, 398. 

Naphthenes, 611. 

Naphthenic acids, crude, 402. 
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Naphthol, 222. 

Nascent hydrogen, 271, 273, 274. 
Nascent hydrogen, reduction of oleic 
acid by, 2. 

Nascent nickel, 239. 

Nasini, 233. 

National Ox-hydric Co., 570. 

National Provisioner, 326. • 

Natrolite, 261. 

Natural gas, 420. 

Natural gas, decomposition of, 478. 
Natural gas, hydrogen from, 438, 484. 
Natural Science Society in Freiburg-in- 
Breisgau, 211. 

Neidenfuhr, 257. 

Netting, iron, 58. 

Netting of nickel, 58. 

Netting, silver, 58. 

Neumann, 256. 

Neutral fats, making, 32. 

Neutral soap, 370. 

Neutralization value, 288. 

Neville, 605, 621. 

New York Oxygen Co., 446. 

Ney, 66. 

Nickel, 17, 24, 39, 40, 54, 63, 69, 73, 74, 
95, 96, 108, 110, 112, 113, 119, 136, 
152, 158, 168, 175, 178, 179, 190, 198, 
208, 246, 265, 275, 276, 285, 289, 402, 
404, 406, 420, 423, 424, 426, 428, 429, 
430, 433, 437, 438, 449, 451, 455, 479, 
502, 513, 529, 531, 605, 609, 611, 613, 
618, 621, 628. 

Nickel, absorption of hydrogen by, 60. 
Nickel acetate, 130, 138, 139, 147, 151, 
179, 183, 194, 198, 437. 

Nickel, activation of, 128. 

Nickel, activity of, 270. 

Nickel adsorption, 174. 

Nickel-alumina, 176, 192. 

Nickel ammonium formate, 154. 

Nickel and cobalt, separation of, 170. 
Nickel and copper carbonates, 55. 

Nickel and copper catalyzer, 56. 

Nickel and copper hydrates, 55. 

Nickel and glass, ‘176. • 

Nickel and hydrogen on hydrocarbons, 
267. 

Nickel and nickel carbonate, 225. 

Nickel, anhydrous oxides, 115. 


Nickel arc, 174. 

Nickel-asbestos, 420. 

Nickel benzoate, 186. 

Nickel black, 210. 

Nickel, blank test, 306. 

Nickel borate, 179, 183, 207. 

Nickel borate used for hardening, anal- 
ysis of, 180. 

Nickel boride, 186. 

Nickel by reduction of chloride, 271. 

Nickel carbide, 120, 138, 186, 222. 

Nickel carbonate, 41, 52, 54, 56, 58, 120, 
138, 142, 147^.148, 35.5, 159, 163, 165, 
169, 177, 186, 187, 190, 193, 197, 200, 
202, 205, 207, 219, 222, 223, 316, 437, 
451, 613, 617, 620. 

Nickel carbonate, ammoniacal, 154, 

Nickel carbonate, basic, 98, 225. 

Nickel carbonate, heating in oil, 227. 

Nickel carbonyl, 20, 41, 43, 63, 119, 135, 
141, 177, 198, 210, 229, 233, 235, 239, 
443, 45(), 480. 

Nickel carbonyl apparatus, 234. 

Nickel carbonyl as a source of nickel 
catalyzer, 237. 

Nickel carbonyl, decomposing in oil, 238 

Nickel carbonyl, decomposition of, 20. 

Nickel carbonyl, decomposition under 
pressure, 237. 

Nickel carbonyl, detonation of, 231. 

Nickel carbonyl for production of cata- 
lytic material, 43. 

Nickel carbonyl formation, 206. 

Nickel carbonyl non-conducting, 233. 

Nickel carbonyl plant, 241. 

Nickel carbonyl, preservation of, 232. 

Nickel carbonyl process, 207. 

Nickel carbonyl process, commercial, 
241. 

Nickel carbonyl reaction, 214, 217, 227. 

Nickel carbonyl, reactions of, 231. 

Nickel carbonyl reaction on catalyzers, 
205. 

Nickel carbonyl, solubility in alcohol, 
235. 

Nickel carbonyl, solubility in chloro- 
form, 235. 

Nickel carbonyl, solubility in petroleum, 
235. 

Nickel carbonyl test, 184. 
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Nickel carbonyl test for metallic nickel, 
204. 

Nickel carbonyl vapor, 234, 237. 

Nickel carbonyl, vapor tension of, 230. 
Nickel carbonyl volatilizer, 236. 

Nickel catalysis, 270. 

Nickel catalyst, process of ipaking, 159. 
Nickel, catalytic activity of, 137. 

Nickel catalyzer, 12, 98, 118, 284, 311, 
313, 324, 325, 357, 361, 392. 

Nickel catalyzer from carbonyl, 237. 
Nickel catalyzer in fla^y form, 140. * 

Nickel catalyzer, making, 610. 

Nickel catalyzer with silica, 175. 
Nickel-charcoal, 136. 

Nickel-charcoal, activated, 150. 
Nickel-charcoal catalyzer, 149. 

Nickel chloride, 131, 166, 179, 328. 
Nickel coating, 174. 

Nickel-cobalt catalyzer, 128. 

Nickel, colloidal, 160, 189, 207, 217, 417, 
437. 

Nickel, comparLson of activity, 187. 
Nickel compounds, conductivity of, 202. 
Nickel compounds, existence of volatile, 
229. 

NicK(4 compounds in catalytic processes, 
147. 

Nickel compounds, reduction of, 134. 
Nickel, conductivity of, 119. 

Nickel content, 123. 

Nickel cxiiitent in hardened oil, 324. 
Nickel content of edible fats, 326. 

Nickel content of hardened oil, deter- 
mination of, 304 

Nickel CO" ^''nt of recovered catalyst, 214. 
Nickel content on a daily consumption 
of hardened fat, 326. 

Nickel-copper, 136. 

Nickel-copper catalyzer, 128. 

Nickel copper matte, Canadian, 236. 
Nickel, decomposing action of, 268. 
Nickel, degree of combination with hy- 
drogen, 271. 

Nickel, deposition of, 174. , 

Nickel, detection in hydrogenated oil, 
339. 

Nickel, detection of, 89. 

Nickel, determination of, 203. 

Nickel discs, 429. 


Nickel dust, 81. 

Nickel, effect of, 210. 

Nickel, effect of hot fats, 325. 

Nickel, electrical disintegration, 142. 
Nickel, electrically disintegrated, 174. 
Nickel electrode, 5, 539, 560, 571, 572, 
583. , 

Nickel, electrolysis of, 175. 

Nickel, excretion of, 330. 

Nickel exposed to nitrogen, 315. 

Nickel, extraction from ores, 234. 

Nickel, extraction of, 237. 

Nickel, fatty acid salts, 193. 

Nickel filings, 613. 

Nickel, finely divide<l, 233, 248, 331, 344. 
Nickel, first use as a contact body, 110. 
Nickel flake, 219. 

Nickel for making hydrogen, 453. 

Nickel for removal of sulphur, 597. 
Nickel formate, 48, 52, 79, 125, 130, 138, 
140, 147, 179, 183, 191, 192, 194, 198, 
200, 202, 205, 224, 225, 227, 406, 437. 
Nickel formate, basic, 226. 

Nickel formate, heating in oil, 227. 
Nickel formate, making, 224. 

Nickel, formation of, 219. 

Nickel, free, 201. 

Nickel, free metal necessary, 211. 

Nickel from nickel carbopyl, 237. 

Nickel gauze, 449. 

Nickel gauze cathode, 280. 

Nickel gly cerate, 197. 

Nickel, “healthy,” 271. 

Nickel hydrate, 109, 115, 131, 138, 146, 
147, 149, 153, 155, 159, 163, 169, 172, 
177, 186, 207, 210, 613, 615. 

Nickel hydrate, green, 232. 

Nickel hydride, 66, 693. 

Nickel-hydrogen system, 272. 

Nickel, hydrogenation with, 271. 

Nickel hydroxide, 88, 158, 176, 202, 451. 
Nickel in candle stock, 381. ^ 

Nickel in cotton oil, 328. 

Nickel in edible products, study of, 326. 
Nickel in fats, detection of, 305. 

Nickel in fats, determination of, 328. 
Nickel in fish oil, 338. 

Nickel in foodstuffs, 327. 

Nickel in hardened fat, 347. 

Nickel in hardened oils, 361. 
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Nickel in making hydrogen, 448. 

Nickel in oil, effect of hydrogen, 305. 

Nickel in oil, test for, 288, 292, 295, 296. 

Nickel industry, 241. 

Nickel-iron, 136. 

Nickel, Kerr test for, 296. 

Nickel kettle, use of, 327. 

Nickel kieselguhr, 672, 673. * 

Nickel kieselguhr catalyzer, 206, 241. 

Nickel leaves, 95. 

Nickel-lined receptacles, 326. 

Nickel lirioleate, 130, 138. 

Nickel-magnesia, 456, 476. 

Nickel, making reduced, 171. 

Nickel, metallic, 124, 125, 183, 188, 200, 
204, 207, 210, 213, 224, 231, 232, 236, 
325. 

Nickel, metallic condition of catalyzer, 
130. 

Nickel, metallic, tests of, 214. 

Nickel mirror, 125, 139, 205, 217, 230. 

Nickel, nascent, 239. 

Nickel netting, 52, 58. 

Nickel nitrate, 55, 56, 58, 80, 109, 112, 
121, 126, 128, 131, 146, 150, 153, 155, 
169, 170, 172, 170, 197, 198, 199, 224, 
271, 412, 434, 437, 453, 456, 480, 613, 
620. 

Nickel nitrate and sugar, 213. 

Nickel, non-pyrophoric, 158, 276. 

Nickel oleate, 130, 138, 183, 195, 219, 227. 

Nickel oleate in hydrogenating oils, 197. 

Nickel on copper, 167. 

Nickel on earthenware, 11. 

Nickel on glass, 119. 

Nickel on kieselguhr, 49. 

Nickel on pumice, 80. 

Nickel ores, 232. 240. 

Nickel, organic salts of, 47, 122, 135, 130. 

Nickel oxalate, 148, 153, 194. 

Nickel, oxidation of, 413. 

Nickel oxide, 19, 39, 40, 52, 54, 74, 88, 
108, 111, 114, 116, 118, 123, 135, 146 , 
147, 151, 155, 162, 164, 168, 169, 186, 
189, 201, 202, 203, 204, 206, 207, 209, 
210, 213, 217, 22 I, 223, 262, 271, 325, 
396, 402, 406, 410, 419, 421, 426, 428, 
437, 451, 476, 479, 596, 611, 617. 

Nickel oxide and aldehydes, 205. 

Nickel oxide, anhydrous, 220. 


Nickel oxide as a catalyzer, 224. 

Nickel oxide catalyzer, 120, 133, 199, 
218, 271, 313. 

Nickel oxide catalyzer at high pressures, 
209. 

Nickel oxide, colloidal, 222. 

Nickel oxidcj complex, 142. 

Nickel oxide, conductivity of, 201. 

Nickel oxide flocculated, 218. 

Nickel oxide free of carbon, 222. 

Nickel oxide from various sources, 620. 
I'Jickcl oxide, green, 98, 205. 

Nickel oxide in a*dry atmosphere, reduc- 
tion of, 221. 

Nickel oxide catalysts, measurements of 
resistance used, 216. 

Nickel oxide obtained by calcination, 
115. 

Nickel oxide, once used, 207. 

Nickel oxide paste, 50. 

Nickel oxide, reduction in non-oily 
bodies, 220. 

Nickel oxide, reduction of, 126. 

Nickel oxide suspended in oil, reduction 
of, 221. 

Nickel oxide tests, 201. 

Nickel oxide vs. nickel, 128. 

Nickel oxide, voluminous, 224. 

Nickel oxy hydrates, 220. 

Nickel palmitate, 120. 

Nickel pellets, 236. 

Nickel perhydride, 270. 

Nickel plates, 436. 

Nickel, plating with carbonyl, 233. 
Nickel, poisoned, 160, 270. 

Nickel poisoning, 347. 

Nickel poisons, 109. 

Nickel potassium cyanide, 124. 

Nickel powder, 131, 148, 169, 330, 622. 
Nickel protoxide, 617. 

Nickel, pure, 128. 

Nickel, pyrophoric 72, 110, 114, 115, 132,. 
422, 437, 613, 626. 

Nickel, quantitative determination, 328^ 
Nickel, reduced, 267. 

' Nickel reduction, 112. 

Nickel reduction in ammonia, 171. 
Nickel, removal of, 94. 

Nickel, reviving for carbonyl, 232. 
Nickel rods, 21, 428. 
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Nickel salt catalyzer, 340. 

Nickel salts, 200. 

Nickel salts of organic acids, 119. 

Nickel “shapes,” 167. 

Nickel-silica, 175, 177, 192. 

Nickel silicate, 160, 177, 185. 

Nickel sludge, 142. ^ 

Nickel soaps, 94, 120, 122, 12 % 139, 195, 
227, 288, 324, 325, 637, 656, 703. 
Nickel soaps, presence of, 372, 

Nickel solutions, reduction of, 170. 

Nickel si>eiss, 232. • 

Nickel, s{)ent, recovery *of, 171. 

Nickel, sj)ongy, 280. 

Nickel stearate, 120, 183, 227. 

Nickel suboxide, 9, 118, 119, 122, 124, 
126, 138, 148, 182, 189, 200, 203, 207, 
208, 209, 426. 

Nickel suboxide, addition compound, 221. 
Nick(^l suboxide, colloidal, 120. 

Nickel suboxide, existence of, 210. 

Ni' kel suboxide, formation of, 184 
Nickel suboxide, hydride, 216. 

Nickel suboxide, proof of, 184. 

Nickel sulphate, 109, 131, 133, 135, 137, 
155. 159, 177, 185, 273, 412, 610, 617, 
620, 627, 703. 

Nickel, sulphide in soap, 372. 

Nickel tartrate, 194. 

Nickel, temperature of reduction, 114. 
Nickel, toxicity of, 326. 

Nickel, tr'^^es in fat, 411. 

Nickel, traces of, 379. 

Nickel tubes, 81, 529. 

Nickel utensils, use of, 348. 

Nickel V8. nickel oxide, 128. 

Nk'ivel wiiv 52, 57, 81, 95. 

Nickel wire netting, 154, 156. 

Nickelized asbestos, 12. 

Nickelized pumice, 13, 50. 

N ickelware in the preparation of food, 348. 
Nicolet, 176. 

Niobium, 254. 

Niobium oxide, 152. 

Nitrate, cobalt, 146. 

Nitrate, copper, 55, 56, 146. 

Nitrate, iron, 146. 

Nitrate, metallic, 175. 

Nitrate, nickel, 55, 56, 58, 109, 112, 121, 
126, 128, 131, 146, 150, 153, 199. 


Nitrate, potassium, 274. 

Nitrate, silver, 147. 

Nitrate, sodium, 166. 

Nitrate, thorium, 264. 

Nitrates of platinum and palladium, 249. 
Nitric oxide, 251. 

Nitrils, 16(^ 

Nitrobenzene, 86, 107, 153, 248, 614. 
Nitro compounds, 168, 195, 270. 

Nitrogen, 169, 171, 194, 442, 470. 
Nitrogen and hydrogen mixtures, 532. 
Nitrogen, boiling point, 461. 

Nitrogen Co., 501. 

Nitrogen Ges. m.b.IL, 168. 

Nitrogen oxides, 610. 

Nitrogen, removal of, 467, 597. 

Nitrogen, treating nickel, 315. 
Nitrogenous colloid, 171. 

Nitromethane, 8. 

Nitrophenol, 8. 

Nitroprusside test, 318. 

Noding, 505. 

Noll, 94. 

Non-pyrophoric catalyzer, 276, 316. 
Non-pyrophoric nickel, 626. 

Nood, 11. 

Normann, 7, 81, 183, 184, 200, 201, 203, 
204, 205, 206, 207, 211, 212, 223, 258, 
281, 284, 286, 313, 326, 327, 381, 405, 
614, 621, 629, 643, 655, 665, 682, 693, 
697. 

Normann patent, 605, 703. 

Normann patent sale, 8. 

Normann process, 9, 283, 614. 

Norwegian hydrogenated whale oil, 
361. 

Nozzles, injector, 72. 

Number, acetyl, 284. 

Nut margarine, melting point of, 356. 

Obach, 547. 

Occluded hydrogen, 132. 

Occlusion of hydrogen, 265. 

Octane, 86, 436. 

Octene, 86. , 

Octodecyl alcohol, 284, 311. 
Odor-forming nitrogenous impurities in 
fish oil, 360. 

Odor from gasoline by desulphurization, 
425. 
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Odor not absorbed by hardened oil, 338. 
Odor of cracked oils, 423. 

Odor of fish oil, 338, 353, 360. 

Odor of soaps, 368. 

Odor of soaps made from hardened oils, 
372. 

Odor of soaps made from hydrogenated 
ofl, 377. ' 

Odor of talgol, 364, 368. 

Odorless fish oil, 362. 

Oechelhauser, 476. 

Oehme, 323. 

Oelverwertung, G. m.b.H., 175. 

Oelwerke ‘ Germania, 9, 201, 207, 351, 
363, 399, 629. 

Oelwerke hydrogen, 406. 

Oerlikon, 575. 

Oettle, 500. 

Offal, fish, 350. 

Offerdahl, 330. 

Ohmarm, 591. 

Oils, albumin in, 109, 

Oil, almond, 301, 310, 658. 

Oil, animal, 372. 

Oil, artificial geranium, 376. 

Oil atomization, 342. 

Oil, before and after hardening, 89. 

Oil, bleaching, 61. 

Oil, blue chamomile, 256. 

Oil, calamary, 392. 

Oil causes, shortening, 345. 

Oil, castor, 39, 88, 188, 242, 244, 248, 
250, 259, 275, 283, 284, 309, 313, 337, 
348, 359, 375, 381, 389, 394, 398, 409, 
659. 

Oil, Chinese wood, 361, 396, 400, 411. 
•Oil, chrysalis, 311, 361, 402. 

Oil, cocoanut, 88, 282, 290, 309, 319, 331, 
333, 335, 355, 359, 364, 365, 366, 368, 
369, 370, 373, 375, 393, 398, 409, 439, 
692. 

Oil, cod, 162, 301. 

Oil, bold liver, 242, 275, 310, 348, 637. 
Oil colloids, 252. 

Oil, color test, 285^ 301. 

Oil containing dissolved nickel, effect of 
hydrogen on, 306. 

Oil, copra, 854, 361*. 

Oil, com, 87, 96, 282, 334, 335, 343, 350, 
396, 408, 4i0, 439. 


Oil, cotton, 20, 39, 48, 55, 56, 58, 60, 89, 
96, 98, 104, 123, 128, 130, 134, 137, 
138, 140, 143, 148, 155, 161, 164, 177, 
179, 181, 185, 194, 200, 201. 205, 213, 
214, 215, 216, 217, 218, 223, 225, 238, 
242, 248, 255, 263, 281, 282, 283, 285, 
289, 290, 291, 301, 304, 305, 306, 308, 
319, 320, ^23, 325, 328, 331, 334, 336, 
338, 339, 341, 343, 344, 345, 346, 347, 
348, 349, 352, 354, 357, 361, 368, 383, 
396, 399, 407, 409, 410, 609, 610, 637, 
639, 645, 655, 660, 671, 675, 692, 697, 
701, 703. • 

Oil, cracking, 150. 

Oil, croton, 637, 658, 660, 661. 

Oil, cruciferous, 316. 

Oil, dab, 392. 

Oil, decomposition for hydrogen, 473. 

Oil, dogfish, 163. 

Oildom, 420. 

Oil, edible, 338. 

Oil, edible hydrogenated, 319. 

Oil, effect of impurities, 168. 

Oil, electrical treatment of, 61. 

Oil, essential, hydrogen number of, 255. 

Oil, filtration of, 189. 

Oil, fish, 25 , 73, 83, 87, 147, 153, 155, 
242, 248, 281, 285, 286, 287, 291, 292, 
295, 301, 328, 329, 338, 339, 349, 350, 
353, 358, 359, 360, 362, 368, 372, 378, 
390, 392, 394, 395, 396, 398, 401, 405, 
409, 411, 607, 609, 612. 

Oil for cooking purposes, 354. 

Oil gas, 420, 595. 

Oil, glycerine in, 313. 

Oil, grape seed, 39. 

Oil, hardened and flour, 646. 

Oil, hardened, expansion of, 361. 

Oil hardening tank explosion, 603. 

Oil, herring, 163, 392. 

Oil, hydrogen absorbed, 695. 

Oil, hydrogenated and baking powder, 
343. 

Oil, hydrogenated, harmless, 339. 

Oil, impurities affecting catalyzer, 311. 

Oil in gas cylinders, 592. 

Oil, Japanese wood, 275. 

Oil, Java citronella, 376. 

Oil, kaya, 336. 

Oil, keeping qualities of, 411. 
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Oil, keeping qualities of hydrogenated, 
337. 

Oil, linseed, 12, 39, 89, 105, 122, 139, 164, 
155, 156, 181, 200, 201, 205, 213, 215, 
216, 217, 218, 223, 224, 225, 242, 275, 
282, 283, 301, 310, 352, 355, 359, 361, 
387, 393, 396, 398, 401, 40g, 409, 607, 
609, 615, 657, 658. 

Oil, liver, 292. 

Oil, low grade, 328. 

Oil, magnetic filtration of, 169. 

Oil, marine animal, 300, 372. 

Oil, menhaden, 162, 298^ 299, 353. 

Oil, mineral, 21. 

Oil, mustard, 255. 

Oil of bitter almonds, 367. 

Oil of eitronella, 367. 

Oil of lavender, 367. 

Oil, olive, 89, 96, 153, 167, 200, 203, 242, 
244, 253, 254, 287, 310, 315, 350, 410, 
439, 607, 609, 655, 656, 659, 660, 692. 

Oil, olive, substitute, 308. 

Oil, ozonized, 282. 

Oil, Paint and Drug Reporter, 390, 399. 

Oil, palm, 44, 282, 336, 359, 361, 386, 
409 

Oil, Palma Rosa, 37G. 

Oil, palm kernel, 294, 309, 328, 331, 365, 
368, 374, 378, 385, 388, 393, 409. 

Oil, partially hydrogenated, 308. 

Oil, peanut,, 89, 96, 140, 250, 259, 282, 
286, 290^ 291, 294, 304, 305, 310, 325, 
339, 347, 353, 355, 361, 369, 388, 393, 
396, 409, 692. 

Oil, petroleum, 20, 154. 

Oil. i)olyme»'i7;ed, 164. 

Oil, poppy, 310. 

Oil, rancid, 43. 

Oil, rape, 39, 181, 223, 225, 285, 286, 301, 
309, 313, 315, 396, 609. 

Oil, reduction of catalyzer in, 140. 

Oil, refining chrysalis, 311. 

Oil, remedial food, 330. 

Oil, ricinoleic, 301. 

Oil, salad, 354. 

Oil, sardine, 285, 353, 392, 411. 

Oil, seal, 292, 330, 353. 

Oil, semi-hardened, 161. 

Oil, sesame, 155, 200, 204, 206, 209, 210, 
223, 225, 282, 285, 290, 291, 294, 304, 


305, 309, 310, 324, 325, 339, 347, 349 
637, 660, 692. 

Oil, shark liver, 391. 

Oil, soluble, 280, 401. 

Oil, soya bean, 88, 92, 105, 155, 181, 210, 
282, 308, 333, 352, 353, 361, 409, 411. 
Oil spray, 6^4. 

Oil spray process, 663. 

Oil, steaming, 200. 

Oil, sulphonated, 401, 407. 

^ Oil, sunflower, 105, 297, 339, 361, 657. 
Oil tar, carbonyl in, 233. 

Oil, temperature required for, 218. 

Oil, thickening of, 61. 

Oil to be hardened for edible purposes, 
328. 

Oil, torpedo liver, 391. 

Oil, train, 73, 373, 381. 

Oil, treatment with copper hydrate, 162. 
Oil, treatment with silver oxide, 162. 

Oil, turkey red, 280. 

Oil, turtle, 392. 

Oil, tung, 361, 396, 400, 411. 

Oil, vacuum treatment of, 200. 

Oil, vegetable, 319, 333. 

Oil, whale, 30, 39, 55, 72, 89, 92, 155, 181, 
200, 205, 282, 284, 290, 291, 292, 295, 
301, 303, 314, 324, 325, 329, 330, 337, 
339, 352, 353, 355, 356, 360, 362, 368, 
378, 390, 392, 394, 395, 396, 397, 398, 
405, 409, 411, 609, 612. 

Oil, wild cucumber, 357. 

Oil, wood, 242, 361, 396, 400, 411. 

Oil, worsted, 308. 

Ointment, 410. 

Ointment, palladium, 253. 

Okada, 285. 

Olcate, 125, 410. 

Oleate, amyl, 91. 

Oleate, benzyl, 91. 

Oleate, butyl, 90. 

Oleate, ethyl, 90. 

Oleate, glycerine, 91. 

Oleate, lead, 164. 

^Oleate, metallic, 196. ^ 

Oleate, methyl, 90. 

Oleate, nickel, 130, 138, 183, 195, 227^ 
219. 

Oleate, palladious, 253. 

Oleate, potassium, 253. 
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Oleate, propyl, 90. 

Oleate, sodium, 5, 263, 314. 

Olefine bodies, hydrogenation of, 247. 

Olefines, 270, 423, 424. 

Oleic acid, 12, 27, 29, 50, 62, 79, 128, 147, 
184, 215, 239, 242, 244, 248, 250, 275, 
280, 289, 297, 301, 314, 3?5, 326, 340, 
398, 439, 609, 617, 622, 623, 655. 

Oleic acid and aniline, 91. 

Oleic acid and hydrogen, combination of, 
439. 

Oleic acid, attempts to hydrogenate, 1. 

Oleic acid, chemically pure, 218. 

Oleic acid equilibrium, 223. 

Oleic acid, hardening of, 80. 

Oleic acid, hydrogenating in presence of 
alkali, 79. 

Oleic acid, Merck, 214. 

Oleic acid, reduction by means of hy- 
driodic acid, 2. 

Oleic acid, sulphonation of, 5. 

Oleic acid vapor, 26. 

Oleic amides, 84. 

Olein, 97, 337, 345, 373, 398, 440, 652, 
653, 654, 693, 694, 701, 706. 

Olein soap, 377. 

Oleodipalmitin, 337. 

Oleo-distearine, 322. 

Oleomargarine; see also Margarine. 

Oleomargarine compositions, use of 
hardened oil in, 333. 

Oleomargarine, hardened fish oil in, 339. 

Oleomargarine, utility of hydrogenated 
oils in, 356. 

Oleo-oil, 355. 

Oleo stearine, 323, 341, 646, 647, 677. 

• Oleo-stearine compound, 321. 

Oleo-stearine, cost of, 319. 

Oleo-atearine, substitute for, 358. 

Oleostearopalmitin, 323. 

Oleo stock, 354. 

Olinit, 403. 

Olive oil, 89, 96, 163, 167, 200, 203, 206, 
244, 263, 264, 287, 310, 315, 350, 410, 
439, 607, 609,, 666, 656, 669, 660, 
692. 

Olive oil, hydrogenated, 242. 

Olive oil Biistittnte, 308. 

Ore, ^thic iron, 454. 

Ch«s, nickel) 232, 240. 


Ores of manganese in place of iron ore, 
495. 

Ores, sulphide, 511. 

Organic compounds, catalytic hydrogen- 
ation of, 187. 

Organic compounds of metals, 130. 
Organic mqtal salts as catalyzer, 47. 
Organic salts of metals, 188. 

Organic nickel salts, 125. 

Organic salts, nickel oxide from, 138. 
Organic salts of nickel, 122, 138, 191, 200. 
Organo-metalliCj compound of nickel, 232. 
Organo-metallic compounds, 231. 
Organosol as catalyst, 167. 

Organosol, osmium, 261. 

Organosol, palladium, 254. 

Organosols in hydrogenating, 257. 
Organosols of palladious hydroxide, 253. 
Organosols of palladium, 253. 

Organosols of palladium oleate, 253. 
Organosols of platinous hydroxide, 253. 
Organosols of platinum, 253. 

Osann, 273. 

Oscillatory discharge, 435. 

Osmate, 261. 

Osmate, alkali, 254, 259. 

Osmate, sodium, 262. 

Osmium, 254, 258, 261, 275, 600. 
Osmium black, 250. 

Osmium, colloidal, 261. 

Osmium, colloidal hydroxides of, 258. 
Osmium dioxide, 249, 262. 

Osmium o;rganosol, 261. 

Osmium tetraoxide, 125, 249, 258, 261. 
Osmium zeolite, 261. 

Ostromisslenski, 424. 

Oswald, 159. 

Overhardening, 219. 

Overheating of oil, 372. 

Oxalate, 48. 

Oxalate cobalt, 426. 

Oxalate chromium, 426. 

Oxalate, ferrous, 151. 

Oxalate, iron, 426, 502. 

Oxalate, nickel, 148, 153, 426, 194. 
Oxide, nitric, 251. 

Oxalate, platinous, 243. 

Oxalate, platinum, 249. 
Oxhydrogenators, 559. 

Oxidation of ammonia, catalyzer for, 256. 
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Oxidd^ alunuBuntf 119. 

Oxide and organic salt catalyaei#, 125 
Oxide, arsenic, 194. 

Oxide, carbonic, 230, 234, 237, 

Oxide catalyzer, 19, 133. 

Oxide, cerium, 119. 

Oxide, cobalt, 88, 112, 146, 199, 262. 
Oxide, copper, 116, 135, 146. 

Oxide, green nickel, 98. 

Oxide, iron, 199. 

Oxide lanthanum, 119. 

Oxide, lead, 102. * 

Oxide, magnesium, 110, 254. 

Oxide, nickel, 19, 39, 40, 52, 54, 74, 88, 
108, 111, 116, 118, 120, 123, 135, 146, 
147, 164, 186, 189, 199, 202, 203, 204, 
206, 207, 209, 213, 217, 218, 223, 262, 
271, 325. 

Oxide of cerium catalyzer, 21. 

Oxide of iron catalyzer, 21. 

Oxide of manganese catalyzer, 21. 

Oxide, osmium, 125. 

Oxide, silver, 54, 119. 

Oxide, thorium, 264. 

Oxide, tin, 262. 

Oxide, titanium, 119, 348. 

Oxide, zinc, 262, 515. 

Oxide, zirconium, 119, 251. 

Oxides, metallic, 107, 199, 208. 

Oxides, nitrogen, 610. 

Oxides of pyrophoric nickel, 115. 
Oxidizable components of fats, 350. 
Oxidizing catalyst, 259. 

Oxy-acetylene welding, 584. 
Oxychloride, carbon, 230. 

Oxygen, 274, 610. 

Oxygen, - oivation of catalyzer by, 260. 
Oxygen, addition to fatty oil, 282. 
Oxygen, as catalyzer poison, 250. 
Oxygen by arc decomposition, 558. 
Oxygen by electrolysis of water, 536. 
Oxygen containing hydrogen, 601. 
Oxygen, effect oil platinum, 264. 
Oxy-fatty acids, 6^. 

Oxygen in hydrogen, 596. 

O^srgen, manufacture of, 536. 

Oxygen, removal of, 597, 600. 

Oxygen, sale of, 595. 

Oxygen, standards, 608. 

Oxyhydrates, nickel, 220. 


Oxystearic acid, 79, 489. 

Oyobigawa, 532. 

Ozone, 273. 

Ozonized oils, 282. 

Paal, 6, 100, 242, 246, 248, 249, 250, 252, 
255, 264, 270, 306, 323, 400, 406, 637, 
688, 605, 697, 703. 

Padgett, 6, 116, 267, 402, 423. 

Paint, flatting, 400. 

Palladinized calcium carbonate, 316. 
Palladious chloride, 247, 262, 253. 
Palladious hydroxide, organosols of, 253. 
Palladium, 8, 17, 29, 39, 54, 65, 67, 62, 
63, 67, 68, 69, 96, 108, 133, 137, 147, 
166, 167, 173, 178, 179, 187, 250, 262, 
265, 268, 275, 289, 390, 404, 406, 415, 
428, 433, 449, 531, 600. 
Palladium-ammonium chloride, 263. 
Palladium, amorphous, 272. 

Palladium black, 5, 11, 41, 222, 242, 251, 
276. 

Palladium catalyzer, 14, 100, 242, 315. 
Palladium-charcoal catalyzer, 309. 
Palladium chloride, 55, 63, 79, 100, 140, 
221, 242, 246, 256, 270. 

Palladium coke catalyzer, 02. 

Palladium, colloidal, 255, 30^ 669. 
Palladium, cost of, 255, 256. 

Palladium, crystalline, 272, 

Palladium, effect of potassium cyanide, 
161. 

Palladium-gold, 277. 

Palladium hydride, 269. 

Palladium hydrosol, 264. 

Palladium hydroxide, 262. 

Palladium, loss of, 256. 

Palladium olcate, organosols of, 253. 
Palladium on metal-oxides, 14. 

Palladium organosols, 253. 

Palladium, pressure of hydrogen on, 277. 
Palladium protochloride, 242. 

Palladium, pyrophoric, 268. 
Palladium-silver, 277. 

Palladium sol, 279. 

Palladium 8olutions,*221. 

Palladium i^onge, 277. 

Palladium, spongy, 268. 

Palladium supported on varknis bodies, 
248. 
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Palladium wire, 57. 

Palladous chloride, 255. 

Palma Rosa oil, 376. 

Palmitatc, nickel, 120. 

Palmitic acid, 3, S3, 298, 299, 300, 314, 
326, 345, 378, 379, 655. 

Palmitin, 377, 439. 

Palmitodistearine, 318. ' 

Palm kernel oil, 294, 309, 328, 331, 365, 
368, 374, 378, 385, 388, 393, 409. 

Palm nut oil, 88. 

Palm oil, 44, 282, 336, 359, 361, 386, 409. 
Paper, rosin for, 403. 

Paraffin, 59, 220, 423. 

Paraffin hydrocarbons, 250. 

Paraffin oil, 430. 

Paraffin wax, 12, 148, 198, 222. 
Paranitraniline, 86. 

Parker, 33. 

Partial hydrogenation, 96, 317, 346. 
Partial reduction of nickel oxide or hy- 
drate, 210. 

Partial saturation of glycerides, 322. 
Partially hydrogenated oils, 308. 
Partially hydrog(;nized oil, 634. 

Passive palladium, 268. 

Passivity of metals, 276. 

Passivity of nickel as a catalyzer, 116. 
Passmore, 300, 613, 624, 629. 

Patent leather, 406. 

Patent litigation, 605, 630. 

Payet, 148, 

Peanut oil, 89, 96, 140, 250, 259, 282, 
286, 290, 291, 294, 304, 305, 310, 324, 
325, 347, 353, 355, 361, 369, 388, 393, 
396, 409, 692. 

Peanut oil, edible, 339. 
Peanut-margarine, 294. 

Peanut-oleo, 294. 

Pekelharing, 339. 

Pellischek, 294. 

Pennie, 630, 649. 

Penta^ecane, 436. 

Pentamethylene hydrocarbons, 257. 
Pentane, 116. 

Peptonizing milk, 356. 

Percentage of catalyzer, 99, 102, 
Percentage of cotton oil, 320. 

Percentage of nickel, 17. 

Perchlorate, potassium, 273, 


Perfume composition for soaps, 377, 
Perfume, soap, 364, 376. 

Perhydride, nickel, 270, 271, 

Perkin, 233. 

Perl, 251. 

Permutit, 173, 261. 

Peroxides, 422. 

Persulphates, 422. 

Peters, 8, 161. 

Petersen, 5, 275. 

Petroleum, 20, .530, 611. 

Petroleum, absorption of hydrogen, 430. 
Petroleum as a sol .ent, 96. 

Petroleum, carbonyl in, 233, 

Petroleum, catalyzer for, 151. 

Petroleum, cracking of, 420. 

Petroleum, desulphurization, 11. 
Petroleum distillates, 257. 

Petroleum ether, 67. 

Petroleum, for making hydrogen, 484. 
Petroleum hydrogenation, 154. 
Petroleum, hydrogenation of, 418. 
Petroleum oil for reduction, 198. 
Petroleum oil subjected to electric arc^ 
436. 

Pfeilring, 29. 

Pfeilring reagent, 388. 

Pharmaceutical fats, 411. 

Phenanthrene, 220. 

Phenol, 86, 113, 116, 153., 

Phenomena of catalytic poisons, 166, 
Phenyl propiolatc, 187. 

Phenylpropionic acid, 86. 

Philipow, 6. 

Philipp, 519. 

Phillips, 20. 

Phoronc, 270. 

Phosphate, 152, 162, 190, 525. 
Phosphate, lithium, 155. 

Phosphate, sodium, 343. 

Phosphide of hydrogen, 14. 

Phosphites, 174. 

Phospholybdic acid, 214. 
Phosphomolybdic acid, 184, 200. 
Phosphoretted hydrogen, 231, 610, 
Phosphorus, 254, 443, 454, 455, 696, 610, 
Phosphorus hydride, 598. 

Phosphorus, red, 164. 

Phosphotungstic acid, 214. 

Phthalic anhydride, 264. , 
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Physetoleic acid, 291, 380. 
Physiological action of hardened oil, 324, 
339. 

Phytosterol, 283, 284, 289, 291, 294, 308, 
310, 311. 

Phytosterol acetate, 309, 325. 

Pickard, 356. 

Pickering, 303. 

Picker trough, 320. 

Picrate, sodium, 250. 

Pictet, 72, 471. 

Pictet oil process, 478. 

Pier, 601. * 

Pierron, 167. 

Pilat, 21. 

Pinene, 280. 

Pintsch, 510, 

Piperine, 270. 

Piperini(i acid, 270. 

Pitch, 431. 

Piva, 446. 

Phi.ies, limited, 420. 

PlasO'r of Paris, 450. 

Plasters, 410. 

Platime, chloride, 252. 

Platinnchloride, copper, 243. 
Platir.oehloride-hydrochloric acid, 253. 
Platmous hydroxide, 221. 

Platinous hydroxide, organosols of, 253. 
Platinous oxalake, 243. 

Platinum, 34, 39, 54, 55, 58, 96, 112, 136, 
158, 166 167, 178, 230, 248, 250, 259, 
262, 270, 275, 277, 280, 289, 297, 337, 
402, 422, 427, 433, 443, 513, 529, 531, 
605, 609, 611, 618, 621, 628. 

Pla* mum-alumina, 262. 

Phil mum and carbon catalyst, 259. 
Platinum anode, 280. 

Platinum black, 89, 242, 246, 264, 269, 
283, 619. 

Platinum black charcoal catalyzer, 259. 
Platinum catalyzer, 249, 283. 

Platinum chloride, 147, 242, 260, 264. 
Platinum, colloidal, 33, 245, 600. 
Platinum-copper, 260. 

Platinum, effect of oxygen on, 264. 
Platinum electrode, 5, 274, 562, 
Platinum, electrolytic, 257. 

Platinum gauze, 449. 

Platinum hydrochloride, 242. 


Platinum hydrosols, 249. 

Platinum hydroxide, 257. 

Platinum metals, 243. 

Platinum metals, hydrogen transfer, 269. 
Platinum netting, 58. 

Platinum on charcoal, catalyzer, 259. 
PlaHnurn organosols, 253. 

'Platinum, oxygcuiated, 264. 

Platinum protochloride, 242. 

Platinum salts avuiilable as catalyzers, 
249. 

Platinum S})onge, 10, 019. 

Platinum sulphatt', 242. 

Platinum tetrachloride, 256. 

Platinum zi'ohte, 261. 

Plci.ss, 5t)3. 

Plumbite, 125. 

Pohlman, 135. 

Poison, catalyzer, 14, 109, 112, 113, 118, 
153, 155, 160, 164, 106, 189, 108, 208, 
223, 243, 217, 250, 254, 255, 264, 270, 
419, 420, 412, 443, 453, 454 , 485, 525, 
596, 610, 615, 618, 620. 

Poison, nickel, 109. 

Poison, removing from oil, 161. 

Poison squads, 326, 361. 

Poisoned nickel, 270. 

Poisoning by carbon monoxide, 167, 
Poisoning by nickel, 347. 

Polarity reversal, 585. 

Polarity reversal, })revention of, 603. 
Polenske method, 308. 

Polenske value, 309. 

Polishing compound, 411. 

Polymerization, 285. 

Polymerization of unsaturated oils by 
action of ultraviolet light, 397. 
Polymerized drying oils, 87. 
Polymeriz(*d hydrocarbon, 422. 
Polymerized oil, 164. 

Polymerizing and hydrogenating oil, 396. 
Pomilio, 279. 

Pompili, .546. 

Pontianak, 96. 

^ Pontianak resin, 405. ^ 

Poppy oil, 310. 

Porcelain, 251, 256. 

Porcelain, unglazed, 467. 

Forges, 421. 

Portable hydrogen plants, 596. 
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Porter, 251. 

Posen, 513. 

Potassium aluminate, 154. 

Potaaeittm bromate, 274. 

Potassium carbonate electrolyte, 541, 
550. 

Potassium chlorate, 273. ^ 

Potassium chbroplatinate, 243. 
Potassium cyanide, 161, 165, 273. 
Potassium nickel cyanide, 208. 

Potassium nitrate, 274. 

Potassium oleate, 252, 253. 

Potassium silicate, 256. 

Potassium silicofluoride, 156. 

Potassium thiocarbonate, 296. 

Poulenc Freres, 357. 

Poulsen arc, 246. 

Powder, hydrogenated oil as a, 342. 
Powder, nickel, 330. 

Powder, silver, 267. 

Powder, soap, 368. 

Powdered hydrogenated oil, 411. 
Practice, hydrogenation, 412. 

Prall, 288, 324. 

Prall’s modified test for nickel, 305. 
Pratis, 516. 

Precautions in handling hydrogen, 590. 
Precipitated gold, 267. 

Precipitation of carbon, method of pre- 
venting, 493. 

PreU^ted hydrogen, 40. 

Preparation of catalysts, methods of, 
’153. 

Preparation of nickel carbonyl, 229. 
Prescher, 308. 

Preservation of nickel carbonyl, 232. 
Pressing edible fats, 334. 

Pressure apparatus, 600. 

Pressure diminishing olefines, 423. 
Pressure, effects of, 85, 89, 97, 101, 168, 

■ 209, 424. 

Pressure, effect on reduction, 170. 
Procure on carbonyl, 237. 

Pressure tank for hydrogen, 594. 
Preston, 430. 

Prevention of hydrogen explosions, 591. 
Process, hardening, 610. 

Process of Sabatier and Senderens, 5. 
Processes involving application of elec- 


Procter, 634. 

lYoetor & Gamble, imt exporimeotal 
plant, 672. 

Proctor & Gamble Co., 16, 56, 350. 
Proctor & Gamble Co. vs. Berlin Mills 
Co., 630. 

Producer gas, 446, 449, 485. 

Production o! neutral hydrogenated fats, 
32. 

Products of combu.stion of internal com- 
bu.stion engines, 480. 

Products of hydrcj^cnation, 105. 
Promoter, 152, 168, 190, 223, 2.54, 455 
Propane, 438. 

Properties and uses of various hardened 
oils, 352. 

Properties of nickel carbonyl, 230. 
Properties of soaps made with hardened 
oils, 30. 

Propiolate, 187. 

Propionates, 48. 

Propionic acid, 280. 

Proportions of hardened oil in soaps, 369. 
Proi)ylene, 260. 

Propyloleate, 90. 

Protablinatc, sodium, 258. 

Protalbinic acid, 255. 

Protalbinic acid, sochum salts of, 245. 
Protective action of colloids, 257. 
Protective colloid, 244, 255, 257. 

Protein, 118. 

Protoalbinate, sodium, 207. 
Protochloride, palladium, 242. 
Protochloride, platinum, 242. 
Protohydroxidc, platinum, 242. 
Protoxide of nickel, 114. 

Pullman, 450. 

Pulverization of hardened oil, 343. 
Pumice, 50, 69, 75, 80, 109, 110, 149, 168, 
171, 174, 176, 190, 192, 197, 254, 260, 
434, 453, 486, 501, 502, 607. 

Pumice, nickelized, 13. 

Pumice, platinized, 437. 

Pumping hot hydrogen gas, 26. 

^ Pungs, 200, 201, 203, 204, 205, 206. 
Purger, 563. 

Purification method of Bosch & Wild, 
598. 

Purification of gas, 595. 

Purification of hvdroffen. 488. 595. 
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Purification of oils by copper hydrate, 
162. 

Purifier for separating dust and sulphur 
compounds, 599. 

Purifying hydrogenated fats, 350. 
Pyridine, 84. 

Pyrite cinder in manufacture of hydro- 
gen, 510. • 

Pyrites, 511. 

Pyrophoric bodies, Oil. 

Pyrophoric catalyst, protection of, 159. 
Pyrophoric catalyzer, 159, 169, 171, 27i. 
Pyrophoric iron, 592,^15. 

Pyrophoric metal, 624. 

Pyrophoric nickel, 72, 110, 114, 115, 132. 

422, 437, 613, 615, 620. 

Pyrophoric ]uilladium, 268. 

Pyrrole, 264. 

Qualitative test of conductivity, 202. 
(Quantitative analysis of used catalyst.. 
219. 

(Quantitative determination of ni(;kel, 
328. 

Quartzite, 251. 

Quentin <fe Guillicn method, 532. 
Quincke, 229, 233. 

Qumine, 210. 

Quinine hydrochloride, 187. 

Rabenalt, 596.* 

Rack, 181, 184. 

Rakitin, o. 

Ramage, 608, 612. 

Rancid oils, 43. 

Roiicid-tending oxidized products, 351. 
L.-mge of , mperature, 39. 

Rape oil, 39, 181, 223, 225, 285, 280, 301, 
309, 313, 315, 396, G09. 

Rape oil, hardening of, 225. 

Rape oil in olive oil, determination of, 
315. 

Rare metals as catalyzers, 242. 

Rate of absorption of hydrogen, 71. 
Rather, 58. 

Rating, tariff, 382. 

Rats, experiments with, 339. 

Rays, chemically active, 35, 36, 41. 
Rays, solar, 501. 

Reaction, carbonyl, 204. 


Reaction of steam with iron, 486* 
Reaction of Tortelli & Jaffe, 301. 

Reagent, Tschugaeff, 327. 

Recipes for soap stock, 366. 

Recovering catalytic material, 43. 
Recovering spent catalyzer, 188. 

Recovery of catalytic material, 132. 
Rccovcry^f catalyzer, 62, 170, 171. 
Recovery of flaky catalyzer, 141. 
Recovery of spent catalyzer, 179. 
Redferove, 105, 534. 

Red phosphorus, 164. 

Reduced cobalt, 267. 

Reduced copper, 267. 

Reduced iron, 166, 267. 

Reduced nickel, 267. 

Reducer, 413. 

Reducing catalyzer, 156. 

Reducing chamber, 145. 

Reducing gases, 210. 

Reduction apparatus, Kayser’s, 150. 
Reduction by metal hydrides, 275. 
Reduction, catalyzer, 611. 

Reduction, coefliciicnt of, 126. 

Reduction, electrolytic, 88, 279. 
Redu(!tion in oil, 139, 140. 

Reduction of catalyzer, 113, 139. 
Reduction of catalyzer in various sus- 
pensory bodies, 222. 

Reduction of nit^kel comi)ounds, appa- 
ratus for, 134. 

Reduction of ni(tkel oxide, 126. 
Reduction of nickel oxide by aldehydes, 
205. 

Reduction of nickel oxide with hydrogen, 

210 . 

Reduction of unsaturated acids, 275. 
Reduction temperature, 627. 

Refining by alkali, 162. 

Refining chrysalis oil, 311. 

Refining hydrogenated fats to produce 
edible products, 351. 

Reformatoky, 8. * 

Refraction, index of, 281, 282, 287, 292. 
Regeneration of a spent nickel silicate 
catalyzer, 179. * 

Regeneration of catalyzer, 428. 
Regeneration of nickel catalysts, 171. 
Rcf^neration of spent catalyzer, 241. 
Reichert-Meissl number, 101, 295. 
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Reichert-Meissl value, 309. 

Reid, 58, 76. 

Remedial food, oil as, 330. 

Removal of moisture, 140. 

Removal of sulphur from petroleum, 11. 
Removing catalyzer poisons, 161. 
Removing nickel, 04. 

Rennrd, 423, 506. "• 

Renerd’s apparatus, 530. 

Renovated butter, 329. 

Reoxidizing catalyzer, 142. 

Rcyilacement of carbon monoxide by 
hydrogen, 444. 

Resin, 06. 

Rosin, guayule, 405. 

Resin, pontianak, 405. 

Resistance, electric, 216. 

Resistance of nickel oxide, 203. 

Retorts, cast iron, 513. 

Reuter Process C'o., 400. 

R('versal of polarity, 585, 603. 

Review of the art, 1 . 

Revivification of catalyzer, 105. 
Revivifying inetalhc catalysis, 188. 
Reychler, 2, 608, 612. 

Reynolds, 160. 

Rhend, 274. 

Rheinheimer, 304. 

Rhodes, 424. 

Rhodium, 250, 261, 275, 419, 449. 
Rhojizonic acid, salts of, 231. 

Ribot, 374. 

Rice, 602. 

Richards, 536, 544. 

Richardson, 174, 105, 650, 687. 

Richter, 21, 06, 166, 317, 526, 640, 663, 
689. 

Ricinolcic acid, 301, 280, 440, 609. 
Ricinolic acid, 313, 439. 

•Ridsdale, 95, 509. 

Riedel, 323. 

Rinati, 62. 

Rincker, 438, 473. 

Rincker & Wolter, 595. 

Rincker & Wolter system, 473 
Rincker-Wolter portable hydrage appa- 
ratus, 483. 

Rincker-Wolter process, modified, 483 
Rittmj^n, 424, 437. 

Rivals, 104. 


Robson, 81, 106, 208. 

Rods of nickel, 21. 

Roentgen rays, 61, 269. 

Rogers, 405. 

Rolla, 170. 

Rosaucr, 3. 

Rose, 479. 

Rosemary oS, 377. 

Rosin, 96, 297, 364, 371, 378, 385, 387, 
388, 393, 403. 

Rosin soap, 393. 

Rostin, 434. 

Rotary electrolyz'er of Aigner, 558. 
Rotary retort, 458. 

Roth,* 6, 286, 309, 637, 658, 665, 697, 
703. 

Rowlands, 588. 

Ruggeri, 312. 

Ruthenate, alkali, 254. 

Ruthenium, 250, 254, 261, 275. 
Ruthenium chloride, 258. 

Ruthenium, colloidal hydroxides of, 258. 
Ruthenium, tetroxidc, 258. 

Sabatier, 5, 11, 13, 29, 52, 58, 85, 112, 
113, 114, 126, 127, 132, 160, 175, 209, 
212, 220, 221, 256, 270, 271, 275, 405, 
427, 606, 611, 613, 615, 620, 657, 702. 
Sabatier hydrogen process, 529. 
Sabatier’s method, 213. . 

Sachs, 7, 439, 595. 

Sadtier, 411. 

Safety devices, 590. 

Safrol, 86. 

Salad oil, 354. 

Salad oil, peanut oil as, 308. 

Salad oil, soya bean as, 353. 
Salammoniac turpentine soap, 384. 

Sale of hydrogenated oil, 635. 

Salmon oil, 411. 

Salt, 513. 

Salted soap, yield of, 365. 

Sandarac, 96. 

Sandelin, 303. 

Sander, 446, 534 
Sanders, 476. 

Saponification, 351, 375, 395. 
Saponification number, 282, 292, 381. 
Saponification of hydrogenated fats, 369. 
Saponification, products of, 379. 
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Saponification value, 101, 304, 309, 310, 
314, 379. 

Saponifying for fatty acids, 378. 
Saponin, 389. 

Saponin i)owdcr, 389. 

Sardine oil, 105,353,392,411. . 
Sardine oil, Jajianese, 285. 

Sassafras oil, 377. • 

Satnrati'd hydroxy fatty acids, 39. 
Sauberriiann, 502. 

Sauei', 4 17. 

Sawdust, 109, 208. • 

Sayre, 350, 410. • 

SaytzelT, 5. 

Sciaal, 363, 366, 374, 376, 398. 

Schaefer producer, 506. 

Schall, 365. 

Seller ieblc, 44. 

Schering, 421. 

Schicht, 89, 105, 361. 

Schicht, A. G. and Orun, 89, 106. 
Schick, 184, 251, 258. 

S'diiller, 11. 

Schilling, 308. 

Schlinck Co., 21. 

Schmidt, 3, 107, 276. 

Schniidt eleiitrolyzer, 575. 

Sennidt mnUiiile cell, 541. 

Schmitz, 402. 

Schneider, 155, 190, 256, 260, 456, 479. 
Schocufeld, I7U, 181, 183, 184, 305. 
Scholl, 532. 

Schontuun, 29. 

Schoop, 591. 

Schoop syst em, 543, 

Schrapingei-, 400. 
c'chraut^ 88, 400, 409. 

Schroeder, 121. 

Schuck, 373, 393. 

Schuckert plant, 557. 

Schuckert system, 551. 

Schut, 339. 

Schwareman, 95, 171. 

Schwareman’s method, 262. 

Schwartz, 520. 

Schweitzer, 80, 349. 

Schwerin, 262. 

Schwoerer, 12, 682. 

Scientific American, 426 
Seal oil, 292, 330, 353, 411. 


Sears, 702. 

Sebille, 589. 

Secondary reactions, exclusion of, 218. 
Sectional type electrolyzer, 575, 577, 
Seeker, 112, 534. 

Seidenberg, 297. 

Seifenseider Zeitung, 249. 

Selectivft hydrogenation, 25, 97. 
Selcnates, 152. 

Selenite, ammonium, 155. 

Sefenites, 152. 

Selenium, 254. 

Selenium compounds, 113. 

Semi-boiled soaps, 369. 

Semi-carbazone, 270. 

Semi-reduced hydrogenation catalyzer, 
209. 

Semi-solid fat, 632. 

Senderens, 5, 7, 11, 13, 58, 85, 112, 113, 
114, 209, 212, 220, 275, 405, 606, 611, 
657, 702. 

Separation of nickel from cobalt, 235. 
Sesame margarine, 294. 

Sesame oil, 155, 200, 204, 206, 209, 210, 
223, 225, 282, 285, 290, 291, 294, 304, 
305, 309, 310, 324, 325, 339, 347, 349, 
637, 660, 692. 

Sesame-oleo, 294. 

Sesquioxide, precipitated, 262, 

Shale, hydrogen from, 473. 

Shale oil, 430. 

Shark liver oil, 391. 

Shark oil, 411. 

Shaving soap, cold process, 368. 

Shaving soaps, hardened oil in, 376. 
Shaw, 26, 106, 588. 

Shellac, 96. 

Shipment of catalytic material, 160. 
Shortening agent, 340, 357. 

Shortening agent, vegetole as a, 357. 
Shortening and leavening composition of 
hydrogenated oil, 343. 

Shortening composition, modification of, 
342. 

Shortening effect of hard fat, 341. 
Shortening for cooking, 354. 

Shortening materials, 646. 

Shortening values, 691. 

Shriver apparatus, 675. 

Shriver filter press, 417. 



760 


INDEX 


Shriver oxy-hydrogen generator, 541, 
542. 

Schuck, 87. 

Shukoff, 20, 41. 

Shukoff’s nickel carbonyl process, 207. 
“Sical,” 419. 

Siedler, 261, 457. 

Siegmund, 105, 211, 223, 226, 227. 
Siemens, 550, 600. 

Siemens Bros. & Co., 547. 

Siemens & Obach cell, 547. * 

Siemens & Schuckert Co., 523. 

Sieverts, 265, 276, 277. 

Silent electric discharge, 33, 73. 

Silex, 417. 

Silica, 133, 167, 173, 175, 178, 254, 454, 
455. 

Silica, non-abrasive, 179. 

Silicate, alkaline, 150. 

Silicate, aluminum and magnesium, 187. 
Silicate, nickel, 160, 177, 185. 

Silicate of soda, 169. 

Silicate, potassium, 256. 

Silicate, sodium, 530. 

Sili(!ates, 168. 

Silicic acid, 174, 189, 262. 

Silicide, aluminum, 520. 

Silicidcs for generation of hydrogen, 519. 
Silicious material, 149. 

•Silicofluoride, 156. 

Silicol, 533. 

Silicol |)rocess, 523. 

Silicon, 178, 522, 530. 

Sili(!on and caustic soda, reaction be- 
tween, 523. 

Silicon hydrate, 192. 

Silicon hydridt^, removal of, 598. 

Silicon hydrogen proces.s, 523. 

Silicon monoxide, 149. 

Silicon tetrafluoride, 175. 

Silicospiegel, 524. 

Silk, 56. 

Silver, 54, 55, 246, 265, 276, 422, 428. 
Silver l^romide, 273. 

Silver chloride, 273. 

Silver iodide, 273. ' 

Silver-iron couple, 459. 

Silver netting, 58. 

Silver nitrate, 147, 169. 

Silver oxide, 54, 55, 119, 162. 


Silver-palladium, 277. 

Silver powder, 267. 

Silver sol, 262. 

Silver wire, 267. 

Simplex Refining Co., 434. 

Siveke, 7, 123, 135, 207, 212, 351, 372. 
Size of apparatus in hardening, 100. 
Sjoquist, 105. • 

Skita, 242, 244, 245, 250, 255, 256, 260, 
270, 400. 

Sludge acid, 83. 

Sfcidge, nickel, 142. 

Sludgas, waste liqu6r, 531. 

Sluggishness of catalyzers, 24. 

Smoking point, 692. 

Smoking point of hydrogenated fats, 338. 
Smith, 278. 

Snclling, 191, 192, 419. 

Snelling diffusion process, 531. 

Snclling hydrogen method, 484. 

Soap, 30, 88, 129, 252, 600, 633. 

Soap base for toilet soai)s, 369. 

Soap, color of, 381. 

Soap, chry.salis oil in, 311. 

Soaj), dark(‘ning of, 372. 

Soaj), demand for, 352. 

Soap, EsehwegtT, 374. 

Soap filling, 375. 

Soap, fish oils in manufacture of, 353. 
Soap formula, 367. 

Soap from fatty acids, 408, 409. 

Soap from hardened linseed oil and rosin, 
387. 

Soap Gazette and Perfumer, 119. 

Soap in electrolyte, 552. 

Soap, iron, 129. 

Soap making, fish oil in, 360. 
Soap-making materials, 358. 
Soap-making purposes, whale oil for, 330. 
Soap making, revolution in, 612. 

Soap making, utilization of hydrogen- 
ated oils in, 358. 

Soap, metal, 129, 195. 

Soap, nickel, 94, 120, 122, 129, 139, 195, 
227, 324, 325, 372, 637, 656. 

Soap perfumes, 364, 376. 

Soap powder, 368. 

Soap, rosin in, 403. 

Soap stock, 690. 

Soap stock containing krutolin, 383. 
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Soap stock, recipes for, 366. 

Soap, wax, 129. 

Sotp with polymeriied oil, 367. 

Soc. de stearincrie et Savonnerie do 
Lyon and Berthon, 198. 

Soc. Industrielle de Products Chimiques, 
171, 189. 

Soc. L’Air Liquide, 599. • 

Soc. L’Hydrogene, 511. 

Soc. L’Oxylithe, 169. 

Soc. Lyonnaisc, 438. 

Soda-lirne, 446, 478, 520. • 

Sodium, 425. " 

Sodium aluminate, 176. 

Sodium aluminate-silicato, 173. 

Sodium aluminum silicate, 256. 

Sodium aluminum silicidc, 519. 

Sodium amalgam, 208, 273. 

Sodium bicarbonate, .520. 

Sodium bisulphate, 517. 

Sodium carbonate, 128. 

Sodium chlorate, 273. 

S'xlirrn chloride, 164, 166, 223, 513, 
528. 

Sodium cinrianiate, 187, 

Sodium for making hydrogen, 519. 
Sodium liydrosiilphito, 273. 

S' diinu hypophosphitc, 137. 

Sodium lysalbinate, 207, 258. 

Sodium nitrate, 166. 

Sodium nitroprusside, 318. 

Sodium oleatc, 5, 314. 

Sodium jiermulite, 201. 

Sodium phenyl propiolate, 187. 

Sodium phosphate, 343. 

Sodium picrate, 250. 

Sodi'unpro' diiinatc, 207, 258. 

Sodium silicate, 169, 177, 179, 530. 
Sodium silicofluoride, 156. 

Sodium sulphate, 140, 163, 166, 189. 
Sodium suli)hide, 166, 189. 

Soft soap, 384. 

Solar rays, 501. 

Sole leather, 407. 

Solidification point, 210, 214, 215, 225, 
295, 298, 304, 065. 

Solidifying point, 292. 

Solomonoff, 83. 

Soltsien test, 309. 

Soluble oil, 280, 401. 


Solubility of gases in copper, 278. 
Solubility of hydrogen and nitrogen in 
iron, 279. 

Solubility of hydrogen in metals, 266. 
Solubility of soaps, 371 . 

Solvents, 96, 404. 

Solvents, hydrogenation in, 280. 
Solvents, l^drogenating with, 67. 
Solvents, use of, 310. 

“Sorption,” 272, 274. 

Soxhfet extraction thimble, 214. 

Soya bean oil, 88, 92, 105, 155, 181, 210, 
282, 308, 352, 353, 361, 409, 411. 

Soya bean oil, hydrogenated, 333. 
Spathic iron ore, 454. 

Spathic iron ore, use of, 499. 

Specific gravity, 281, 292, 295. 

Speed of reaction, 226. 

Speiss, nickel, 232. 

Spent catalyzi^r, 219, 227. 

Spent catalyzer, tieatmcnt of, 170, 171 
Spieler, 192. 

Spinacene, hydrogenation of, 313. 
Spitzer generator, 505. 

Splitting fats, 398. 

Splitting of hydrogenated fish oil, 378. 
Sponge, 56. 

Spongy iron, 502, .505. 

Spongy iron, employment of, 492. 
Spongy nickel, 237. 

Spongy palladium, 268. 

Spongy platinum, 10. 

Sjxmgy Swedish iron, 500. 

Spray and film process, 15. 

Spray or films of oil, 12. 

Spraying of oil, 16. 

Spraying process, 125, 663, 693. 
Sprinkmeyer, 309. 

Spueing, 405. 

Squalcne, 313, 391. 

Stability of lard compound, 322. 
•Stabilizer, color, 336. 

Stahl, 278. 

Stahlschmidt, 274. 

Standard Oil Co., 432. 

• Starch, 122, 200, 452.* 

Stark, 249. 

Starrels, 408. 

Stationary catalyzer, 22. 

Stationary hydrogen plants, 595. 
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Steam, action on carbon to produce hy- 
drogen, 527. 

Steam and aluminum under pressure, 
419. 

Steam distillation of saturated fatty 
acid, 14. 

Steam-iron process, 595 
Steam, on hydrocarbons, 21.* 

Steam through molten metal, hydrogen 
by, 501. 

Steam, use of superheated, .500. * 
Steam vacuum dcodorization, 319. 

Steam with oil during cracking, 429. 
Steaming of fat, 351. 

Stearate, lead, 164. 

Stearate, metallic, 196. 

Stearate, nickel, 120, 183, 227. 

Stearic acid, 12, 50, 83, 220, 223, 242, 
275, 280, 285, 289, 298, 300, 312, 314, 
325, 326, 340, 345, 360, 378, 379, 398, 
408, 622. 

Stearic acid by chlorination, 2. 

Stearic acid, ethyl ester of, 51. 

Stearic acid in reduction, 198. 

Stearic glyceride, 292. 

Stearic soap, 129. 

Stearine, 292, 326, 346, 354, 355, 399, 
407, 439, 651, 652, 653, 654, 693, 694, 
701, 706. 

Stearine and edible fat industry, hard- 
ened oils in, 373. 

Stearine, artificial, 303. 

Stearine candle, 378. 

Stearine from olein, separation of, 373. 
Stearine industry, 373. 

Stearine, low titre of, 380. 

Stearine, percentage of, in butler substi- 
tutes, 346. 

Stearine, removal of excess, 332. 

Stearine soap, 377. 

Stearine substitute, 84. 

Stearine, synthetic, 334. 

Ste^ alloys, 529. 

Steel wool, 591. 

Steflfan, 29. 

Stereo-chemistry of glycerides, 325. 
Sterol, 291. 

Sterol content of hardened fats, 283. 
Sterol-free bodies, 284. 

Sterol, separation of, 283. 


Stern, 108. 

Stevens, 11, 400. 

Stirring during hydrogenation, 620, 626. 
Stokes Co., F. J., 53. 

Strache, 425. 

Strache hydrogen system, 498. 

Stransky, 421, 425. 

Straub, 324* 

Strontia, 428. 

Strontium, 1.52. 

Strontium nitrate, 155. 

•Strontium sulphate, 527. 

Stuart, 517. * 

Stuart scrap iron method, 517. 

Stuckcr, 424. 

Stuekert, 168. 

Stuffing fat, 408. 

Submicrons, 218. 

Suboxide hydride, 210. 

Suboxide, nickel, 9, 122, 124, 126, 138, 
148, 182, 200, 203, 207, 208, 209, 406. 
Suboxide, nickel, proof of, 184. 

Suboxide of nickel catalyst, 210. 
Suboxides of metals, 211. 

Substitute, butter, 684. 

Substitute for olive oil, 308 350. 
Substitutes, lard, 701. 

Succinates, 48. 

Suchy, 530. 

Sudfeldt Bros., 30. , 

Sugar, 121, 213, 224, 600. 

Sugar, cane, 200. 

Sugita, 93. 

Suida, 211, 223, 226, 227. 

Sulphate, 162. 

Suli)hate, aluminum, 263. 

Sulphate, calcium, 151. 

Sulphate, copper, 273. 

Sulphate, magnesium, 140, 

Sulphate, nickel, 109, 131, 133, 135, 137, 
155, 273, 627. 

Sulphate of iron, 21. 

Sulphate of platinum and palladium, 249. 
Sulphate, platinum, 242. 

Sulphate, sodium, 140, 166, 189. 
Sulphates, presence in catalyzer, 163. 
Sulphide, hydrogen, 15, 163, 165, 166, 
208, 231, 443, 487. 

Sulphide of barium process, 626. 

Sulphide of nickel in soaps, 372. 
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Sulphide sodium, 166, 189. 

Sulphides, treatment with steam, 611. 
Sulpho acids, 79. 

Sulpho-iso-olcic acid, 79, 

Sulphonated oil, 401, 407. 

Sulphoiiation of oleic acid, 5. 
Sulphonation process, 5. 
Sulpho-oxy.stcaric acid, 79? 

Sulphur, 109, 112, 113, 118, 137, 163, 
155, 160, 164, 166, 232, 254, 421, 422, 
423, 442, 443, 451, 454, 596, 609, 627. 
Sulphur chl()rid(‘, 164, 422. ' 

Sulphur compounds, 372, 419, 420. 
Sulphur compounds of platinum, 256. 
Sulphur dioxide, 166. 

Suliihur dioxide, nmioval of, 598. 
Sulphur, clTeiit on iron, 4S5. 

Sulphur from gas, removal of, 597. 
Sulphur in cracking oils, use of, 433. 
Sulphur in fats and oils, detection of, 318. 
Sulphur in hydrogen, 163. 

Selphur, removal from petroleum, 11. 
Sul[)hur removal, in making hydrogen, 
505. 

Sulphur, removal of, 597, 598, 599. 
Sulphuretted hydrogen, 609, 618. 
Sulphuric acid, 109, 223. 

Sulphuric acid, action on zinc, 515. 
Sulphuric; acad and iron, 595. 

Sulphuric aci^, effect of carbonyl, 231. 
Sulphuric acid electrolyte, 544, 562. 
Sulphuric acid esters, 84. 

Sulphuric acad on oleic acid, 3. 
Sulphurous acid, 487. 

Sulzberger, 160, 176, 178, 179, 263. 
Sunflower oil, 105, 297, 339, 657. 
Simflowc: .ul, hardened, 361. 

Sunlight soap factory, 361. 

Superheated steam on hydrocarbons, 21. 
Superhydrogenated edible product, 333. 
Surface condensation, 274. 

Suspended nickel, traces of, 324. 
Suzuki-Shoten Co., 208. 

Svendsen, 314. 

Swartley, 586. 

Swartley separators, 583. 

Sweetmeat, 407. 

Swift & Co., 636, 650, 651, 687. 
Synthesis of ammonia, 259. 

Synthetic stcarine, 334. 


Synthetic triolein, 211, 214. 

System of automatic control, 686. 
System of de Kadt, 38. 

Table fats, 649. 

Tailor’s chalk, 411. 

Talc, 411. 

Talgcla, 363. 

Talgelin, 363. 

Talgin, 362. 

Tafet, 289, 291, 379, 403. 

Talgit, a marine oil, 289 
Talgol, 283, 284, 287, 311, 361, 362, 363, 
364, 399. 

Talgol and candelite, 374. 

Talgol and cocoanut oil, 366. 

Talgol as a substitute for tallow, 373. 
Talgol in grained soap, 371. 

Talgol in shaving soap, 376. 

Talgol in toilet soaps, 365. 

Talgol soap, 365. 

Tallow, 9, 289, 310, 329, 354, 355, 359, 
363, 364, 368, 374, 383, 394, 398, 409, 
439, 661. 

Tallow, artificial, 303. 

Tallow, beef, 309, 325. 

Tallow in lard, method of detecting, 
308. 

Tallow-like product, 656. 

Tallow soaps, 372. 

Tamari, 151. 

Tanks for hydrogen, 594. 

Tanning industry, 358, 405. 

Tantalum, 254, 256, 427. 

Tantalum oxide, 152. 

Tar, 151, 431. 

Tar and mineral oil, treatment of, 438. 
Tar oil, 430. 

Tar oils, carbonyl in, 233. 

Tariff commission, 105. 

Tariff rating on hardened oil, 382. 
Tartaric acid, 122, 200. 

Tartrate, nickel, 194. 

Tartrates, 48. 

Tartrates in electrolyte, 562. 

Taylor, 647. 

Tchugaeff, 294. 

Techno-chemical laboratories, 18, 120, 
134, 166, 605. 

Teissier, 534. 
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Tellurium, 254. 

Temperature, effect of, 85, 92, 97, 101, 
168. 

Temperature of hydrogenation, 39, 268, 
619. 

Temperature of reduction, 109, 112, 
114. 

Temperature of treatment of lard com- 
pound, 319. 

Temperature, reduction, 627. 
Temperature required for different oils, 
218. 

Tentative standards for oxygen and hy- 
drogen, 603. 

Tessie du Motay, 444. 

Test, bromination, 303. 

Test, Halphen, 104, 317. 

Testelin, 423. 

Testa of catalyzer, 214. 

Testa on ailicol or silicon alloys, 530. 
Testrup, 16, 606, 616. 

Tetrachloride, platinum, 256. 
Tetrahydronaphthalene, 268. 
Tetrahydrophenanthrene, 267. 

Tetroxide, osmium, 249, 2.58. 

Totroxidc, ruthenium, 258. 

Texas solar oil, cracking of, 425. 
Thallium, 265. 

Thallium salts, 527. 

Thermal considerations, 40. 

Thermal decomposition of nickel oleate, 
198. ■ 

Thermolyzing, 175. 

Thesis by Agdc, 218. 

Thickening oils, 61. 

Thickening oils and fats, process for, 44. 
Thiele, 259, 280, 309, 316. 

Thieme, 197. 

Thiocarbonate, pota.ssium, .296. 
Thompson, 269, 326, 339, 352, 354, 360, 
437. 

Thoria, 348, 427. 

Thoriup, 168, 256, 455. 

Thorium nitrate, 455, 

Thorium oxide, 264. 

Thron, 251. 

Thyme oil, 377. 

Tin, 246, 254, 26?. 

Tin chlpride, 164. 

Tin oxide, 262, 448, 



Tin-zinc-alummum idloy, 525. 

Tinkler, 428. 

Tissier, 23. 

Titanates, 178. 

Titanic acid, 262, 427. 

Titanium, 168, 256, 455, 499. 

Titanium lactate, 164. 

Titanium oxide, 119, 152, 348. 

Titanium purifier, 600, 

Titanous sulphate, 178. 

Titoff, 274. 

T^re, 103, 288, 317, 322, 333, 355, 379, 
395, 695. • 

Toilet soap, hardened fish oil in, 374, 
Tolhausen, 85. 

Tolmacz & Co., 52. 

Toluene, 258, 426, 438. See also Toluol. 
Toluol, 434. See also Toluene. 

Tomassi, 273. 

Tommasini cell, 560. 

Torpedo liver oil, 391. 

Tortelli, 300, 309, 312. 

Toxic unsaturated bodies, 323. 

Toxicity of traces of nickel, 326. 

Traces of suspended nickel, 324. 
Triangular charts, 644. 

Train oil, 73, 295, 373, 381. 

Tran, 381. 

Transfer of hydrogen by gas holders, 
70. 

Transference of hydrogen, 271. 
Transparent glycerine soai)8, 369, 375. 
Transportation of hydrogen, .533. 
Treatment of oil with metallic catalyzer, 
1,5. 

Tricai)roin, 337. 

Tributyrin, 337. 

Trihydroxybenzene, ,530. 
Triraethylamine, 84. 

Trinitrophenol salts, 129. 

Triolein, 67, 85, 220, 322, 337. 

Triolein, pure, 214. 

Triolein, synthetic, 211, 218, 

Tripalmitin, 85. 

Triple furnace of Bosch, 509. 

Triplcr, 460. 

Tristearinc, 85, 291, 318, 337. 

Tristearine, specific gravity of, 281. 
Troost, 2.70. 

Tschugfteff's reagent, 327. 



WDES 


m 


302, 311, 313, 360, 361, 391. 

' ^bamdt, 216. 

r Tubular cracking apparatus, 422. 

-Tvdly process, 511. 

T'una fish oil, 411. 

'Tung oil, 396, 400, 411. 

Tibgstate, barium, 165. 

Tungstates, 152. 

Tungsten, 106, 168, 499. 

Tungstic acid, 262. 

. . Turbidity test, 297 . 

Turkey red oil, 84, 280. 

Turner, 11. 

Turpentine, hydrogen from, 473. 
Turpentine, spirits of, 231. 

.• Turtle oil, 392. 

Twitchcll, 298, 300. 

' Twitchell process, 29, 370, 379, 394, 
408, 

Twitchell reagent, 388. 

. Ubbelohde, 12, 131, 424. 

tjbbelohde and Goldschmidt, 1. 

Uchida, 107. 

Ueno, 104, 33(), 392, 600, 

Uhlinger, 480. 

Ultraviolet light, 62. 

Ultraviolet light on catalytic action, 
effect of, 33. 

Ultraviolet light, polymerization of oils 
by, 397. 

Ultraviolet rays on oil, 425. 

Undecoic acid, 297. 

Undccylic acid, 280. 

^ Underwriters’ Laboratories, 603. 

Unsaponifiable constituents of hardened 

ods, 283* 

Unsaponifiable bodies, content of, 283. 
Unsaponifiable matter, 295, 310, 395, 
398. 

Unsaturated acids, 276, 279. 

Unsaturated bodies in fats, 333. 
Unsaturated bodies, toxic, 323. 
Unsaturated compounds, 36. 

Unsaturated constituents of petroleum,^ 
418. 

Unsatui^ted fatty acids, 285. 
Unsaturated hydrocarbons, 250. 
Unsintered nickel powder, 169. 

Unstable hydrides, 275. , 


Uranates, 178. 

Uranium, 106, 168, 266, 466, 

Uranium oxide, 152, 42T. 

Unitol, 363. 

Used catalyzer, 227. 

Used catalyzer, analysis of, 219. 

Uses of hydrogenated oils, 390. 

Uses of hydrogenated oils and their util- 
ization in soap making, 368. 
•Utesoher, 33, 40, 73. 

Utilization of fish oil, 350, 

Uyeno, 525. 

Vacuum deodorization, 26. 

Vacuum, treatment of catalyzer, 139. 
Valerian bodies, 332. 

Valeric acid, 280. 

Valpy, 151, 194, 426. 

Vanadate, calcium, 155. 

Vanadium, 168, 173, 455, 602, 
Vanadium oxide, 152. 

Van Arsdcl, 96, 166, 317. 

Van Leent, 89. 

Van i8ooyoc, 558. 

Vapor, nickel carbonyl, 234. 

Vareille apparatus, 561. 

Varnish, 407. 

Varnish gums, 405. 

Varrentrapp, 88. 

Varrentrapp reaction, 3, 409. 

Vaseline, 198, 308. 

Vavon, 269. 

Vegetable butter composition, 332. 
Vc^gctable oil, 319. 

Vegetable oil, hydrogenated, 333. 
Vegetable steariiie, 323. 

Vegetole, 357. 

Velocity curves, 269. 

Vereingte chemische Werke, 63, 257. 
Vereingte chemische Werke A.-G., 14. 
Vereingte Chem. Works, 256. 
Verona-Rinati, 62, 259. 

Vieth, 330. 

Vigdoreik, 315, 316. 

Vignon, 454, 458, 467, 500. 

Vignon^s apparatus, ^00. 

Viscosity, 295. 

Viscosity of dough, 342. 

Voit laboratory, 324. 

Volatile organic acid, use of, 194. 
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Volfttilfe nickel compound, 235. 
Volatilizer for carl>onyl, 236. 
Voluminous nickel oxide, 213, 224. 

Von Phul, 677, 697, 

Von Schonthan, 29. 

Voswinckel, 62. 

Vuk, 348. 

Wachtolf, 473. 

Walker, 74, 107, 846, 639, 663, 689. 
Walrus oil, 411. ' 

Walter, 34, 36, 70, 169, 441, 613. . 

. Wanz, 620. 

Ward Co., 636. 

Ward Baking Co., 646. 

Ware, nickel-lined, 326. 

Waser, 5. 

Waste fats, utilization of, 349. 

Waste liquor sludges, ,531. 

Water content of kaolin, 275. 

Water, effect of, 223, 226. 

Water, effect on catalyzer reduction, 221. 
Water, electrolysis of, 536. 

Water gas, 10, 163, 177, 210, 232, 237, 
241, 420, 433, 449, 460, 529, 595, 597, 
615, 619, 620. 

Water gas and lime, 694. 

Water gas and steam in presence of 
nickel or iron, 448. 

Winter gas as a source of hydrogen, 441, 
'444. 

Water-glass, 169. 

Water held by hardened fats, 355. 

Water in hydrogen, 166. 

Water in oil, 295. 

Water or steam with oil during cracking, 
429. 

Water purger, 563. 

Water, seal explosicA arrester, 603. 
Wj^^oluble pro;|^jf€ diioid, 245. 
-Water under pr^ui^ji^effljet on fatty 

acids, 89. ^ 

Water^ vapor and coHboa xsoikild^ ISST. 
W#|; grain soaps, 386. 

Wdx, pasdiu, 12; 19^226i 222. 

WialWNiii^ |2K 
WtM, ^ lOf. 

kj^iiiQgdmtion of, 387. 
W«)er,^,3^ 877. 

j^dneo^ 8. ' 


Weith, 446. 

W«ld^ iron electrolyzer, 654. 

Wells, ^161, 164, 176,422,430. 

Wentzki, 596. 

Wesson, 172, 338. 

Weston, 302, 303. 

WhaJe-xnl, 30, 39, 66, 72, 89, 92, 155,iiU j 
200, 205, 28!^ 284, 287, 290, 291, 2M 
295, 301, 303, 314, 342, 325, 329, 38^1 
337, 339, 3.52, 353, 355, 350, 360, 

368, 378, 390, 332, 394, 395, 396, 397^ 
'398, 405, 409, 411, 609, 612. 

Whale oil, baeteria^ree, 330. 

Whale oil in soap,' 30. 

Whteat flour with comminuted hardened * 
oil, 340. 

Wheeler, 274. 

Whitaker, 94, 424, 430. 

White, 391, 421. 

White color of hardened vegetable fats, 
340. 

White-Gained soap, 369, 372, 398. 

White soft soaps, 374. 

White wax grain soaps, 386. 

Wieland, 222, 248, 269. 

Wielgolaski, 61. 

Wijs, 364. ^ 

Wilbusch^itech; 16, 18, 46, 106, 132^ 
133, 337, Sa. 

WilbuBchewitsch process, S88. 

I ^^d, 451, 454, 598. 

Wilde, 2, 606. 

Wilhelmus, 388. 

Wilkinson, 11, 

Willstatter, 6, 264, 283, 310. 

Williams, 8, 12, 19, 122, 208, 209, 643. 
Wimmer, 47, 108, 126, 130, 140, 198, 406. • 
Wimmer and Higgins, 110.‘ 

Wimmer and Higgins|Cij^|>aratus, 4$. 
Windans, 283, 310. 

Windisoh, 248, 249. 

Winkl^ 418. 

Winterpreen oil, 877. 

Wii^ electrode, 581. 

Wire gauze, 432. 

’ Wire-gauze, safety device, 690. 

Wire, iron, 267+ 

Wiw netting, 0^ 

Wu», uidtel, ;/ 

Wife,^ver, 






